VOLUME 6 


December 1956 


* NUMBERS 3, 4 


HISTOLOGICAL STUDIES ON XEROMORPHISM IN 
GRASSES: THE RELATION OF LEAF POSITION TO 
SIRUCTURE 


H. S. DAOUD* & W. V. BROWN 
Department of Botany, University of Texas, Austin, Texas, U.S.A. 


Introduction 


The anatomical and histological struc- 
ture of grass leaves is extremely complex, 
perhaps more so than in leaves of any 
other group of plants. Epidermal features 
involve characteristics of short hair cells, 
silica cells, cork cells and long cells, in 
addition to those of the stomatal appa- 
ratus. Internally, sheaths of the vascular 
bundles and the chlorenchyma are highly 
variable and often have peculiar arrange- 
ments. Variations among all of these 
have been found to be diagnostic for whole 
tribes and subfamilies ( Prat, 1936; Brown, 
unpublished ). Many of these features 
would appear to be significant in consi- 
derations of the physiological peculiarities 
of metabolism such as may be involved 
in drought resistance. This is suggested 
by the fact that the leaf structures of 
mesic grasses are significantly different from 
those of xeric genera and tribes. As in 
most other plants, however, there is also 
variation in size among the leaves on 
a plant as well as proportional changes 
among the anatomical structures and 
cells of these leaves. 

Zalenski ( 1904 ) was the first to publish 
on the quantitative anatomical differences 
among the leaves of a plant attached 
at different heights on the stem. This 
study was unknown to several later in- 
vestigators, Yapp ( 1912), Heuser.( 1915), 
Rippel (1919), and Rubel (1920), 
who worked independently and “ redis- 
covered ’”’ the law previously formulated 
by Zalenski. 


Zalenski’s investigation led him to estab- 
lish a definite relationship between the 
height of attachment of the leaf on the 
stem and its anatomical structure. The 
higher the leaf is located on the stem, 
the greater is the total length of veins 
per unit area of blade surface; the 
smaller are the dimensions of both upper 
and lower epidermal cells; the smaller 
are the hairs and stomata; the greater 
are the numbers of hairs and stomata 
per unit area; the thicker is the outer 
wall of both upper and lower epidermal 
cells; the more pronounced is the cuticle; 
and the smaller are the dimensions of 
all kinds of mesophyll cells. In addition, 
the higher leaves show a greater develop- 
ment of mechanical tissue, a more typical 
development of palisade parenchyma, 
a less typical development of spongy 
parenchyma along with less conspicuous 
intercellular spaces. 

These findings are summarized in what 
has been called “ Zalenski’s Law ”’, which 
states that “ the anatomical structure of 
the individual leaves of one and the same 
shoot is a function of their distance from 
the root system ”. 

Zalenski interpreted the features which 
characterize upper leaves of a shoot in 
contrast to the lower leaves of a shoot as 
indicating a more xeromorphic structure 
in that there are thicker outer epidermal 
walls, a thicker cuticle, a greater develop- 
ment of hairs, and a better development 
of vascular network. Accordingly, the 
higher the leaf is attached on the stem, the 
more xeromorphic it is. He related the 
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more xeromorphic condition in the upper 
leaves to the relatively smaller amount 
of water available to them, since the lower 
leaves remove most of the water which 
ascends the stem. 

Zalenski’s studies involved among other 
plants two grasses, Glyceria spectabilis and 
Dactylis glomerata, both of the subfamily 
Festucoideae, grown in dry open condi- 
tion. He found in Dactylis glomerata, for 
example, that the uppermost leaf on the 
culm, in contrast to lower ones, was cha- 
racterized by a 69 per cent greater length 
of veins per unit leaf area, 54 per cent 
smaller diameter of upper epidermal cells, 
7 per cent smaller stomata, and 88 per 
cent more stomata. 

There is considerable evidence which 
supports the generalization of Zalenski. 
Sorauer (1878), in a comparison of the 
structure of cereal leaves in the sequence 
of their development on the stem, stated 
that the number of stomata per unit 
surface increased and the size of stomata 
decreased, the greater the distance of the 
leaf from the soil surface. Similarly, the 
number of bundles and the number of 
epidermal cells per unit area increased 
while the epidermal cells decreased in size 
and the mesophyll in diameter. Yapp 
(1912), who found that results from his 
study of the marsh plant, Spiraea ulmaria, 
were fully in accord with the results of 
Zalenski, attributed the different structure 
of the upper leaves to the fact that they 
developed during the summer under rela- 
tively dry conditions of soil and air. 
Salisbury (1927), Wicks (1935), and 
Migahid & Raya (1952a, b, c, d, e) 
have also reported that among various 
dicots and monocots the stomatal fre- 
quency bears a definite relation to the 
position of the leaf on the plant as well 
as the position on the leaf, and stomatal 
frequency was related to available water 
within the plant. 

Whereas the interpretation of Zalenski 
provides a simple basis for explaining 
many of the variations in leaf structure, 
it does not take into consideration the 
possible influence of other factors. There 
are numerous studies that have shown 
that these same histological characters 
may be modified throughout the plant by 
environmental conditions, 
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Heuser ( 1915 ) found in wheat that with 
additional soil moisture the length and 
width of the leaf increased but the thick- 
ness remained the same. The size of in- 
dividual cells also increased. This in- 
volved an increase in the size of stomata 
but a reduction in number per unit area. 
Abundant soil moisture also resulted in a 
less compact venation though, in general, 
the number of vascular bundles in the leaf 
increased with the greater width of the 
leaf blade due to moisture. 

Maximov ( 1926) stated that one of the 
most important features of xeromorphy, 
a greater reduction of leaf surface, is in- 
duced by deficiency of soil moisture. 

Bruner & Weaver ( 1923 ) studied oats, 
wheat, and barley under natural environ- 
mental conditions. They found that the 
number of stomata and vein length per 
unit area are influenced by the amount of 
expansion which takes place in the leaves, 
and that the amount of expansion depends 
on water relations. 

There is, therefore, ample evidence that 
environmental conditions are able to affect 
leaf and cell size as well as the spatial dis- 
tribution of veins. It is also abundantly 
clear that there are anatomical and histo- 
logical differences among the leaves on a 
plant and especially among the leaves on 
a grass flowering culm. That these dif- 
ferences are always due to relative abun- 
dance or lack of water;~however, is ques- 
tionable. For further consideration of the 
relative influence of water supply and 
other factors on leaf structure in plants of 
such diverse nature as grasses, it is essen- 
tial to obtain further data from a more 
representative sample than that utilized 
by Zalenski. 

The purpose of the present study is to 
investigate the anatomical variations 
among the leaves attached at different 
heights on a stem, utilizing species that 
represent two subfamilies of the Gra- 
mineae and at the same time different 
growth forms, such as those of erect and 
stoloniferous habits. The findings are 
evaluated in relation to the availability 
of water as a determining factor in the 
development of variations in leaf structure. 
They are also evaluated in terms of other 
factors which might be operating in deter- 
mining leaf development, 
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Materials and Methods 


The species of grasses selected for this 
study and their habits are as follows: 


A. Festucoideae ( subfamily ) 
1. Barley ( Hordeae ) 

B. Panicoideae ( subfamily ) 
1. Bouteloua curtipendula ( Michx.) Torr., 


Erect 


Mabry strain ( Chlorideae ) Erect 
2. Bouteloua curtipendula 

(Chlorideae) (apomictic strain) Erect 
3. Bouteloua curtipendula 

( Chlorideae ) (sexual strain ) Erect 
4. Andropogon annulatus Forsk. 

( Andropogoneae ) r Erect 
5. Andropogon saccharoides Swartz 

( Andropogoneae ) Erect 
6. Cenchrus myosuroides H.B.K. 

( Paniceae ) Erect 
7. Distichlis texana ( Vasey ) Scribn. 

( Eragrosteae ) Stoloniferous 
8. Paspalum hartwegianum Fourn., 

( Paniceae ) Stoloniferous 
9. Andropogon annutatus 

( Andropogoneae ) Stoloniferous 


Most of the plants used in this study 
were grown in an experimental field and 
materials were collected from them in 
June 1954, when the plants had headed 
but while the upper leaves were still 
green. The Mabry strain of Bouteloua 
curtipendula was grown in a greenhouse. 
From this species and from barley plants 
grown in an experimental field, the leaves 
of five culms, one from each of the five 
plants, were collected in April 1955. 
Stolons of the three species listed above 
were supported off the ground so that 
rooting at the nodes could not take place. 

Leaves were numbered consecutively, 
from the bottom to the top of the culm, 
or from the root system to the tip of the 
stolon. There were always a few dead 
leaves at the bases of the plants but these 
were not considered in this study nor in 
the numbering of the leaves. 

Each sample of a leaf blade consisted 
of a piece one-half inch in length removed 
from the mid-portion. Each sample was 
divided into two parts; one part was 
fixed, dehydrated, embedded, sectioned 
transversely at 10 microns and stained. 
The other part was cleared, stained 8 
minutes in 0-05 per cent chlorazol Black 
E and mounted on a slide. 

For all leaves, measurements were made 
in the same relative region. The blade 
length in cm, the width in mm, the height 
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of insertion on the stem in cm were mea- 
sured. Microscopic characters included 
thickness of the blade measured in microns, 
the number of veins in leaf cross section, 
the length of veins in mm per unit area 
of blade surface, the stomatal size in 
microns, and the number of stomata per 
unit area of blade surface. The depth of 
the epidermal cells, thickness of the 
external epidermal cell wall, length of 
chlorenchyma cells, and diameter of the 
mestome sheath were measured in mi- 
crons, either from the sections or the 
whole mounts. All dimensions and counts 
of microscopic structures are reported as 
averages or aS maxima and minima of a 
large number of observations. The term 
“stomatal length’ refers to the length of 
the guard cells in accordance with pre- 
vious usage. 

Barley was selected as a representative 
of the subfamily Festucoideae. As such 
it provides a comparison with Zalenski’s 
data from Dactylis glomerata of that sub- 
family. Since no work of this sort has 
been reported on species of the subfamily 
Panicoideae, the remaining species used 
represent four different tribes of that sub- 
family. Furthermore, the species used 
included annuals, perennials, erect culms 
of different species as well as varieties of a 
single species, and stolons with no adventi- 
tious roots at their nodes. The stoloni- 
ferous species were included to test the 
statement that the greater the distance of 
the leaf from the root system, the more 
xeromorphic it is. 


Observations 


Erect CuLms : Barley (Table 1)—As 
previously indicated, leaves from five 
culms, each from a different plant, were 
used. As the table indicates there were 
differences with regard to all characters 
studied among comparable leaves on the 
five culms. Regardless of this variation 
among comparable leaves, in all cases the 
patterns of increase or decrease from lowest 
to uppermost leaf were the same on all 
five culms. The details of variation them- 
selves are unimportant to this work. It 
is the pattern of change up the culm which 
is of significance. Since within barley 
and within the Mabry strain of Bouteloua 
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TABLE 1— DATA ON LEAF CHARACTERISTICS OF BARLEY 


LEAF NUMBER 1st 2ND 3RD 4TH 5TH 
Height of insertion, in cm 3-0* 6:7 1554 20-3 31:3 
2-0-4:07 4-0-9-0 9-0-16-0 16-0-25-0 29-0-35-0 
Blade length, in cm 30-4 28-1 26-5 18-8 8-5 
28-0-34-0 23-5-31:5 21-0-30-0 12-0-24-0 5-5-12:5 
Blade width, in mm 8-6 11:3 1297 1238 10-5 
9-44-11-71 9-44-13:19 10-80-13:32 10-22-14:30 5-95-1086 
Number of veins in leaf cross 35-0 42-0 47:6 52. 45:4 
section 31-39 34-49 43-53 50-54 37-54 
Length of veins (in mm per sq. 324-5 92150 395-4 422-8 543.4 
cm of blade surface ) 292-1-342-6 360-0-391-5 365-6-435-1 397-9-489-2 496-3-621-6 
Stomatal Upper epidermis 87-1 97:6 116-4 180-4 167-4 
number 78-0-100-8 87-7-113:7 100-2-138-0 135:2-273:5 150-2-195-2 
(in low Lower epidermis 84-2 102-8 130-9 189-0 170-1 
power field) 75-2-95-0 86-7-117:5 116:4-171:0 149-8-281-5 154-6-204-7 
Stomatal Upper epidermis 39:8 36:8 36:7 29-4 3227 
ge 29-4-47-0  30-9-58:8 29-4-51:5 22:1-36-8 29-4-51:8 
rl Lower epidermis 47-6 41-2 39-0 30-0 34:8 
Lee | 36-8-51:5 32-3-51:5  29-4-44:1 26-5-367  29-:4-44:1 


*Average of five leaves of five plants. 


curtipendula the patterns of change were 
the same among all five culms, it is as- 
sumed that one culm only of a plant and 
one plant only of a particular kind will 
present an adequate picture of histological 
conditions in the various leaves of a culm. 

There was a definite relationship among 
all characters studied in barley. This is 
based upon the fact that the higher the 
leaf was attached on the stem, the shorter 
and wider the blade, the greater the num- 
ber of veins in leaf cross section, the greater 
the length of veins per unit area, the 
greater the number of stomata per unit 
area, and the smaller the stomata. The 
uppermost leaf, however, did not follow 
this pattern except for the blade length 
and length of veins per unit area. The 
data derived from this species correspond 
very closely to those presented by Zalenski 
for Dactylis glomerata. 

Bouteloua curtipendula Mabry strain — 
Five culms of average size were used. As 
in barley there was some variation of all 
characters among comparable leaves from 
the five culms. Nevertheless, the patterns 
of these characters were the same on all 
culms. There was a relationship between 
some characters and the position of the 
leaf on the stem in that the higher leaves 


tRange of five leaves of five plants. 


had longer and wider blades, a greater 
number of veins in leaf cross section, and a 
greater number of stomata per unit area. 
The uppermost leaf did not follow the pat- 
tern presented by Zalenski in blade length. 
Neither did the length of veins per unit 
area nor the stomatal size follow this pat- 
tern. From the first leaf to the third leaf 
the stomatal size increased while the length 
of veins per unit area decreased. From 
the third to the last leaf, the length of 
veins per unit area increased while the 
stomatal size decreased to similar lengths 
in the fourth and fifth leaves. This species, 
therefore, fits Zalenski’s law in only a few 
characters. 

Bouteloua curtipendula apomictic strain 
(Table 2)—The relationship between 
leaf characters and leaf position in this 
species indicated that the higher the leaf 
was attached on the stem, the shorter 
and thinner the blade, the greater the 
number of veins in leaf cross section, the 
greater the length of veins per unit area, 
the smaller the depth of epidermal cells, 
the shorter the length of the chlorenchyma 
cells, and the smaller the diameter of the 
mestome sheath cells. The uppermost 
leaf did not follow the pattern of increasing 
xeromorphism for the number of veins in 
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TABLE 2— DATA ON LEAF CHARACTERISTICS OF AN ERECT APOMICTIC 
STRAIN OF BOUTELOUA CURTIPENDULA 


LEAF NUMBER IST 
Height of insertion, in cm 80 
Blade length, in cm 36-0 
Blade width, in mm 3-8 
Blade thickness, in microns 176 
Number of veins in leaf cross section 26 
Length of veins (in mm per sq. cm 691 
of blade surface ) 
Depth of upper epidermal cell, ‘in 6-15 
microns 
Depth of lower epidermal cell, in 9-12 
microns 
Length of chlorenchyma cell, in 12725 
microns 
Diameter of mestome sheath cell, in 15-29 
microns 


2ND 3RD 4TH 
22-5 39-1 53.5 
33-0 16-0 7:0 
3-8 3-8 3:2 
147 162 132 
29 33 26 
dea 874 800 
4-6 4-6 4-6 
4-9 4-13 4-6 
9-15 7-15 6-15 
15-26 15-22 15-20 


leaf cross section and the length of veins 
per unit area. The blade width remained 
the same in the first three leaves but de- 
creased in the last leaf. This species, 
therefore, fits Zalenski’s law with regard 
to some characters. 

Bouteloua curtipendula sexual strain — 
In this strain the higher the leaf was 
attached on the stem, the shorter and 
thinner the blade, the greater the number 
of veins in leaf cross section, the greater 
the length of veins per unit area, the 
thicker the outer wall of both upper and 
lower epidermis cells, the shorter the 
average length of chlorenchyma cells, and 
the smaller the average diameter of the 
mestome sheath cells. The uppermost 
leaf did not follow the pattern of Zalenski’s 
law for the number of veins in leaf cross 
section and length of veins per unit area. 
From the first to the fourth leaf width of 
blades increased, then decreased to the 
last one. This species, therefore, fits 
Zalenski’s law in some characters only. 

Andropogon annulatus (Table 3 ) — In 
general, the higher the leaf was attached 
on the stem, the greater the number of 
stomata per unit area, the smaller the size 
of stomata, the less the depth of the upper 
and lower epidermis cells, the thicker the 
outer wall of both upper and lower epi- 
dermis, the greater the length of chloren- 


chyma cells. The last leaf, however, did 
not follow the pattern of Zalenski’s law 
for most of these characters. Blade 
length and width increased from the 
first to the fourth leaf, then decreased 
to the last leaf. Blade thickness had no 
regular pattern. The number of veins 
increased from the first to the third leaf, 
then decreased to the last one. The same 
was true for the length of veins per unit 
area. Diameter of the mestome sheath 
cells remained almost the same in all 
leaves. This species does not fit Zalenski’s 
law in more than a few characters studied. 
Andropogon saccharoides — In this spe- 
cies the higher the leaf was attached on 
the stem, the shorter, narrower and 
thinner the blade, the greater the length 
of veins per unit area, the smaller the 
depth of upper and lower epidermis cells, 
the thicker the outer wall of both upper 
and lower epidermal cells, the shorter the 
length of chlorenchyma cells, and the 
smaller the diameter of the mestome 
sheath cells. The number of veins in leaf 
cross section increased from the first to 
the fourth leaf, then decreased in the last 
one. In general, this species fits Zalenski’s 
law nearly as well as does barley. 
Cenchrus myosuroides — There was a 
relationship between the characters stu- 
died in this species from the lower to the 
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TABLE 3— DATA ON LEAF CHARACTERISTICS OF AN ERECT STRAIN OF 


ANDROPOGON ANNULATUS 


LEAF NUMBER 1st 2ND 3RD 4TH 5TH 6TH 
Height of insertion, in cm 5-0 16-0 29-8 48-3 65:3 84:3 
Blade length, in cm 27-5 31-0 33-0 33-0 24-5 13-6 
Blade width, in mm 5-6 67 6:7 7-1 7-0 5-0 
Blade thickness, in microns 132 162 147 118 147 103 
Number of veins in leaf cross 67 91 97 93 95 67 
section 
Length of veins (in mm per sq. 1206 1346 1435 1311 1358 1319 
cm of blade surface ) 
Stomatal number (in low power 226 240 246 267 344 == 
field ), lower epidermis 
Stomatal size, lower epidermis, 31-0 28-9 27-8 2707 25:2 26-4 
in microns 
Depth of upper epidermal cell, 7-74 12-59 9-44 9-37 9-29 7-32 
in microns 
Depth of lower epidermal cell, 7-18 5-15 6-15 6-22 | 4-12 6-12 
in microns 
Thickness of the outer wall of 4 6 7 7) 10 10 
upper epidermal cell, in 
microns 
Thickness of the outer wail of 2 3 4 4 4 4 
lower epidermal cell, in 
microns 
Length of chlorenchyma cell, 7-22 7-22 9-26 15-26 15-29 9-15 
in microns 
Diameter of mestome sheath 9-15 7-18 9-15 9-15 9-15 7-15 


cell, in microns 


middle leaves. From the first leaf to the 
middle leaves, with progressively higher 
position on the stem, there were longer 
and wider blades, a greater number of 
veins in leaf cross section, a greater length 
of veins per unit area, a greater number 
of stomata per unit area, smaller stomata, 
less depth in the cells of the upper and 
lower epidermis, thicker walls in outer 
epidermal cells, shorter chlorenchyma 
cells and mestome sheath cells of smaller 
diameter. From the middle leaves to the 
last one, the blade length, width, the 
number of veins in leaf cross section and 
length of veins per unit area decreased 
so that they presented a reciprocal 
sequence to the bottom leaves. The 
thickness of the outer epidermal cell wall 
increased all the way from the first to the 
last leaf. The depth of the upper and 
lower epidermis, the length of the chloren- 


chyma cells, and the diameter of the 
mestome sheath cells decreased from the 
middle to the uppermost leaf. This spe- 
cies does not fit Zalenski’s law in more 
than a few characters studied. 
STOLONS: Distichlis texana ( Table 4)— 
One stolon with 11 leaves was sampled. 
In general, from the first to the seventh 
leaf the characters were related in that 
the greater the distance of the leaf from 
the root system, the longer and wider the 
blade, the shorter the length of veins per 
unit area, the less the average length of 
the chlorenchyma cells, and the less the 
average diameter of the mestome sheath 
cells. The rest of the leaves presented a 
reciprocal sequence in these characters. 
The blade thickness, the number of veins 
in leaf cross section, the stomata size, and 
the stomata number per unit area did 
not follow a significant pattern, especially 
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ee ee ee eS from the first to the seventh leaf. In 
- N . . Bi 
gan 2 - a general, this species does not fit Zalenski’s 
law in any of the characters studied. 
Paspalum hartwegianum — In eral 
EN + g genera 
S SFR <a Se Seco cs there was no clear relationship between 
= oie eS the characters studied and distance from 
< the root system in this species. However, 
= from the first to the fifth leaf the farther 
Meee ret pot © Ty se the leaf was from the root system, the 
a Sn ae : à longer and wider were the blades, the 
> greater was the number of veins in leaf 
= cross section, the shorter was the length 
=] 8 
M EH Moora A oO of aay we of veins per unit area, and the greater was 
Sai CANS ee DS the depth of both upper and lower epi- 
> Fe dermal cells. From the sixth leaf to the 
A last one the blade length, blade width 
2 a TL SEN and number of veins in leaf cross section 
CREER SS es + za A presented a reciprocal sequence to those 
Z + leaves from the first to the fifth. From 
Q the tenth leaf to the last one the length 
© © of veins per unit area increased, as did the 
= E Soa a ze number of stomata per unit area. In 
Er Sr = = a general, this species does not fit Zalenski’s 
law in any of the characters studied. 
5 Andropogon annulatus ( Table 5) — One 
mn LPSC © a aeg stolon wıth 14 leaves was used. There 
Peet Se Am à was no clear relationship between the 
= characters studied and the distance of the 
= leaf from the root system. However, in 
A os eS A es eas general, from the first to the tenth leaf 
2 ARO SRO Se aio ne RS) there was a relationship such that the 
< 10 farther the leaves from the root system, 
> the longer, wider and thicker the blade, 
7 a & the greater the number of veins in leaf 
O 8 Zee PUR OUR cross section, the shorter the length 
Pi gel ae PR of veins per unit area, the fewer the 
a stomata per unit area, the smaller the 
a depth of upper and lower epidermis, and 
4 RS Den Pare ue the thicker the outer wall of both upper 
SPO 3 = À and lower epidermal cells. The stomata 
= size did not show a regular sequence in 
< that region of the stolon. From the 11th 
A At = ee Se to the last leaf the characters presented a 
Een & Sees reciprocal sequence, except that the outer 
% epidermal cell wall was thicker. In 
=] | re ee 2 general this species does not fit Zalenski’s 
> 5 cin En as © 2 9:2 law in any of the characters studied. 
2 a ee bee ee 
SEE Be: Discussion 
a Pegs oe oo 558 
BETES ass ES gBe ess Rage eatery 
Fae eee A ein ol nm Zalenski (1904), in his work on two 
wie 0 © 0180 GO A no ies of the grass subfamily Festucoi- 
2 SEES BOS 3 Eggo s® | species of the grass subfamily 
Bee Poe SMa Sake k ga deae ( Glyceria spectabilis Trin. and Dacty- 
A eee c es SEES EE RES | u d other plants, found 
oye acl cl = Rout re a ea ca lis glomerata L.) and other plants, foun 
ramos EE AZT 4°A* | that the higher the leaf is attached on the 
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stem, the more veins and stomata per unit 
area, the smaller were the leaves, the 
smaller were the cells ( epidermis, guard, 
and mesophyll cells ), and the thicker the 
outer epidermal cell wall. He stated that 
according to these characters, the higher 
the leaf is attached on the stem the more 
xeromorphic it is. He also claimed that 
the reason for xeromorphic characteristics 
in the higher leaves is that there is a rela- 
tively smaller amount of water available 
in these upper leaves since lower leaves 
remove water as it moves up the stem. 
In other words, the higher the leaf on the 
stem, the less water available, and the 
more xeromorphic it is, due to this lack 
of water. 

Zalenski generalized that there is a 
definite sequence in the characters studied 
among the leaves, such that the higher the 
leaf is attached on the stem, for example, 
the greater the number of stomata per 
unit area. However, this was not found 
to be true in the uppermost leaves of any 
species studied. Even in Zalenski’s own 
work on Dactylis glomerata, the last leaf 
had almost the same length of veins per 
unit area as the leaf below it, the mean 
diameter of the cells of the upper epidermis 
was greater in the last leaf than the leaf 
below the last, the number of stomata per 
unit area (upper epidermis ) was less in 
the last leaf than in the leaf just below it, 
and the length of stomata was greater in 
the last leaf than in the leaf below. In the 
present study similar relationships were 
found in barley ( Table 1 ) in that the last 
leaf had fewer veins in leaf cross section 
and fewer stomata per unit area than the 
leaf before the last. The same was true 
for most characters studied in the other 
species. This was opposite to the gene- 
ralization of Zalenski. 

Of the species used in this study, it was 
found that in barley only were the upper- 
most leaves more xeromorphic than the 
lower in all characters. In Andropogon 
saccharoides this generalization is true 
except for one character. The sexual and 
apomictic strains of Bouteloua curtipendula 
fit this generalization with regard to some 
characters only. The Mabry strain of 
Bouteloua curtipendula, when grown in the 
greenhouse, Andropogon annulatus and 
Cenchrus myosuroides fit Zalenski’s law in 
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only a few of the characters studied. Not 
one of the stoloniferous species fits 
Zalenski’s law in any of the characters 
studied. 

Therefore, according to this study, 
there are species such as barley which fit 
Zalenski’s law entirely, and some which 
do not fit that law at all. 

The species Andropogon annulatus used 
in this study produces both stolons and 
erect culms. The sixth leaf of the erect 
culm, which was the uppermost leaf on the 
stem, was attached 84:3 cm from the root 
system. On a stolon of the same plant, 
the 14th leaf was the last one and was 
attached on the shoot 178-4 cm from the 
root system. The upper leaves of the 
erect culm fit Zalenski’s law in some cha- 
racters at least, whereas the last leaves 
on the stolon did not fit the law at all. 
This indicates that the distance from the 
root system and the number of leaves 
on the stem and, therefore, the available 
internal water supply have little to do 
with determining the xeromorphic cha- 
racter of upper leaves. Leaves of other 
stolons gave the same result. 

The present evidence indicates that lack 
of water for the uppermost leaves due to 
competition for it among the leaves is not 
necessarily the only or major factor that 
produces so-called xeromorphism in these 
leaves. It is necessary, therefore, to 
examine influences which might be opera- 
tive in bringing about anatomical and 
histological changes that are similar or 
identical to those resulting from xeric 
conditions. 

Of the various factors of the environ- 
ment that can affect the form of the plant, 
probably the amount of available soil 
water can produce the most profound 
effects. The stature of the grass Bromus 
catharticus Vahl. can be reduced from two 
feet to two inches by water deficit alone. 
Any such reduction in size of a structure 
produces corresponding readjustment of 
cell size, perhaps cell number as well as 
relative volume and spacing of the vari- 
ous tissues. This has been demons- 
trated in genetically similar plants grown 
under different environmental conditions 
in which water relations were the out- 
standing variable ( Brunner & Weaver, 
1923 ). 
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In the grasses Chloris distichophylla 
Lag., Alopecurus pratensis L. and Phalarts 
canariensis L., the uppermost leaf blade is 
reduced to a short spur (Arber, 1934). 
Arber also cites Ehrharta aphylla Schrad. 
as having all blades reduced to mere 
points. This indicates that heredity can 
have some effect on the development of 
the upper leaves. 

The profound change of the shoot apex 
from a vegetative to a reproductive state 
may have some effect on the develop- 
ment and structure of the upper leaves. 
It is known that the stem apex is trans- 
formed from a leaf-producing to an inflo- 
rescence-producing apex while the last 
formed leaves are still very young or even 
primordia. The primordia produced by 
the floral apex consist of two mounds one 
above the other. The lower probably 
represents a leaf primordium, the upper a 
branch primordium. During the vege- 
tative phase the leaf primordium always 
develops into a leaf whereas the branch 
primordium may or may not develop. 
During inflorescence development the leaf 
primordium is completely suppressed but 
the branch primordium develops. This 
developmental and morphological change 
is the result of internal physiological 
changes that affect the metabolism and 
chemical relationships of the plant as a 
whole. Water and organic nitrogenous 
compounds are known to be translocated 
out of some leaves, at least, and into the 
inflorescence ( Bakhuyzen, 1937). Such 
differences between the leaf-producing and 
the inflorescence-producing stages could 
affect the growth and development of the 
last formed leaves on a flowering culm. 

It is probable that the apical meristem 
is changed from a vegetative to a flower- 
producing apex over a period of time that 
overlaps the period of primordia and/or 
early development of the last one or two 
leaves. Certainly this period includes 
the later development of these leaves. 
Spear (personal communication ) states 
that Kalenchoë blossfeldiana, if not given 
quite enough short days to produce 
flowers, nevertheless produces “ inflores- 
cences ’’ of highly modified leaves. This 
indicates that upper leaves may be affect- 
ed by the change of the apical meristem. 
Accompanying the development of the 
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inflorescence there is usually a great elon- 
gation of the upper internodes. This 
great expansion of tissue also might affect 
the leaves that develop in competition 
with it. 

Flowering of grasses, at least in some 
species, is initiated by environmental con- 
ditions such as temperature and/or photo- 
period. These conditions affect the inter- 
nal physiology of the plant. One of the 
results is the increased production of 
auxin by the tip. It is known that auxin 
affects the elongation of the stem inter- 
nodes of at least some grasses. Not only 
do internodes of flowering culms elongate 
greatly, compared to most non-flowering 
culms, but the leaf pattern is often 
changed. In Stenophrum  secundatum 
( Walt.) Kuntze and Distchlis texana, the 
vegetative stolons produce a regular pat- 
tern of one long internode, two nodes 
with no internode between them, one long 
internode, etc. etc. In Cynodon dactylon 
(L.) Pers. the pattern is similar except 
there are three juxtaposed nodes. In all 
such cases, however, this sequence is 
altered in the erect flowering stem. As 
the stem changes from horizontal to 
erect, the last three or four nodes are 
separated from each other by elongated 
internodes. 

All this evidence indicates that there 
are often significant internal changes ac- 
companying flowering in grasses and that 
these are responsible for such things as the 
conversion of the vegetative apex to a 
flowering apex, elongation of internodes 
and peduncle, change of tropism, and 
changes of node-internode pattern. It is 
likely that these physiological changes 
can also affect the leaf development and, 
es the anatomy of the mature 
leaf. 

Therefore, it would be unsafe to gene- 
ralize too broadly and to state that the 
distance of the leaf from the root system 
and hence the reduced amount of water 
available to the upper leaves — is the only 
cause for the upper leaves to be more 
xeromorphic than the lower ones. Other 
factors, physiological, hereditary and en- 
vironmental, must be considered and are 
known to be the determining cause of the 
so-called xeromorphism in certain species 
of grasses, 
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Summary 


Zalenski ( 1904) formulated a law cor- 
relating the greater expression of xero- 
morphic characters in leaves with their 
higher position on a stem. This study 
furthers observations on xeromorphic leaf 
structure, using grasses which include 
erect culms of several annual and peren- 
nial species and stolons with no adventi- 
tious roots, and which represent the dif- 
ferent subfamilies, Festucoideae and Pani- 
coideae. 

The results indicate that barley and 
Andropogon saccharoides conform closely 
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to the generalization. Andropogon annu- 
latus, Cenchrus myosuroides and different 
strains of Bouteloua curtipendula support 
the generalization in only some charac- 
ters. The stoloniferous species showed 
no correlation between leaf characters and 
leaf position. 

These results indicate that Zalenski’s 
law does not apply to all grasses. Re- 
duced water supply to upper leaves, as 
suggested by Zalenski and others, is not 
the only factor that produces xeromor- 
phism. Habit differences in relation to 
physiological, hereditary and environ- 
mental factors must also be considered. 
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IRON MORDANTED SAFRANIN AND CELESTINE BLUE 
FOR STAINING SKELETAL ELEMENTS IN 
PLANT SECTIONS 
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Historical Background 


According to Ehrlich et al (1910), 
safranin was introduced to microtechnique 
by Hermann (1893). It is commonly em- 
ployed either as the strong alcohol solu- 
tion introduced by Blanc (1883), in the ani- 
line water solution introduced by Babes 
( 1888 ) on the suggestion of Zwardemaker 
( 1887), or the mixed solvents solution of 
Johannsen ( 1940). 

Mordanting has not commonly been 
recommended before safranin staining. 
The use of formaldehyde for this purpose 
was recorded by Rouville (1907) and 
is erroneously attributed to Sémichon 
by Langeron (1942). Federici (1906) 
used a 1 per cent solution of iron alum 
to differentiate materials stained in 
hematoxylin and safranin but records 
no effect on the safranin. Popham 
(1948), in a general discussion of mor- 
danting plant tissues, deals only with 
safranin as a nuclear stain. Foster 
(1934) and Sharman (1943) mention 
the use of safranin for staining ligni- 
fied tissues before staining meriste- 
matic tissues with iron alum and tannic 
acid. Northern (1936), discussing the 
same type of staining, says, “ If the safra- 
nin washes out easily, it is desirable to 
stain with the tannic-acid-ferric-chloride 
combination before staining with the 
safranin’’. This appears to be the only 
suggestion in the literature that iron alum 
could hold safranin in lignified tissues and 
there is no record of the use of safranin 
in iron alum solutions. 

Neither celestine blue B, nor any other 
oxazine dye, appears to have been used 
for plant histology. 
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Experimental Procedure 


SAFRANIN IRON ALUM STAINING — The 
authors, with others, are currently investi- 
gating the use of the oxazine dyes for 
staining nuclei in animal tissues. The 
first part of their results, which records 
an extremely simple nuclear stain of celes- 
tine blue B-iron alum, is being published 
elsewhere (Gray et al). Purely as a 
matter of interest, this stain was applied 
to plant sections and was found to stain 
cellulose cell walls deep blue-black, leaving 
lignified cell walls completely colourless. 
Since the celestine blue B solution con- 
tained considerable quantities of ferric 
alum, it was decided to test whether 
safranin could be used in conjunction with 
iron alum to stain lignified materials. 
Two facts of great interest emerged from 
this: first, that safranin was very much 
more soluble in iron alum solutions than 
in water; second, that the iron alum solu- 
tion not only stained lignified tissues with 
very great rapidity but also left the 
stain deposited in a form which was not re- 
moved by subsequent prolonged soaking in 
alcohol. 

Solutions of 1 per cent safranin in 24 
per cent iron alum were accordingly pre- 
pared and adjusted with sulphuric acid 
to pH 1:0, 1-5, 2-0 and 2-5. Tests with 
these solutions established clearly that the 
most acid solution gave the best stain. 

Solutions were then prepared contain- 
ing 1 per cent safranin in 1, 2, 4 and 8 
per cent iron alum and these were adjusted 
to a pH 1-0 with sulphuric acid. For 
some reason not clear to the authors, the 
stain precipitated from the 8 per cent iron 
alum solution at pH 1-0. This precipitate 
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could easily be passed back into solution 
by the addition of about 10 per cent of 
95 per cent alcohol but the resultant stain- 
ing solution was relatively valueless. The 
solution made with 4 per cent iron alum 
stained well but only slightly better than 
the solutions of safranin in weaker iron 
alum solutions. 

Solutions were next prepared using 1, 
2, 3 and 4 per cent safranin in 5 per cent 
iron alum and adjusted to pH 1-0 with 
sulphuric acid. Of these, the solution 
containing 2 per cent safranin was out- 
standingly the best. Five-minute stain- 
ing, even of chrome-fixed material, gave 
bright red, sharply differentiated xylem. 
The colour was brighter and far more stable 
in alcohol than sections from the same 
block stained for six days in the conven- 
tional safranin of Johansen ( 1940). 

The following specific technique is, 
therefore, recommended for the prepara- 
tion of a rapid safranin stain where this 
is required either alone, or as part of other 
complex staining techniques. 

Raise 100 ml distilled water to about 
50°C. Add 14 ml glycerol and then 5 gm 
of crystal ferric alum. Stir to solution 
and then pour with rapid stirring on 2 gm 
safranin 0. 

The glycerol, in the experience of the 
authors, prevents the formation of preci- 
pitates which are occasionally produced 
from ‘“‘old’’ samples of the ferric alum. 
It also probably contributes to the stabi- 
lity of the mixed solution. The staining 
schedule for the use of this solution is 
simplicity itself. 

1. De-wax sections, and run down 
through customary series to 70 per cent 
alcohol. 

2. Place in safranin iron alum for five 
minutes. 

3. Rinse in tap water, and either de- 
hydrate and mount, or subject to any 
desired counterstaining procedure. It is 
not necessary to dehydrate in acid mix- 
tures. LE 

CELESTINE BLUE B STAINING — The 
authors and others are publishing in an- 
other place (Gray et al, loc. cit.) an ex- 
planation of the theoretical background 
for the somewhat peculiar method of pre- 
paring the celestine blue B solution. The 
solution here given differs in composition 
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from that recommended for animal tissues. 
Gray ( 1954) records many other methods 
of preparing celestine blue B, none of 
which give either so stable or so specific 
a stain. It may be pointed out that this 
solution is probably a colloidal dispersion 
of an iron lake of an oxidation product 
of the dye. The method of preparation 
given below must be followed exactly. 

1. Heat 100 ml distilled water to about 
50°C. Add, first, 14 ml glycerol and then 
5 gm crystal ferric alum. 

2. Place 1 gm of celestine blue B in a 
beaker. Tilt and tap the beaker so that 
the dye accumulates in as small an area 
as possible and then add 0-5 ml concentrat- 
ed sulphuric acid. Stir the dye to a paste 
with the acid and leave until the evolution 
of gas ceases. The dye is now in the form 
of a friable mass which is broken up with 
a stirring rod before the hot iron alum 
solution is added little by little with cons- 
tant stirring. 

3. Cool the resultant dispersal to room 
temperature and adjust to pH 1-0 with 
concentrated sulphuric acid. This re- 
quires approximately 1-5 ml of the acid. 

Unlike previously recorded solutions of 
celestine blue B, solutions prepared by 
this method are stable for indefinite 
periods, even in soft glass containers. 
The staining schedule for plant tissue is 
extremely simple. 

1. De-wax section, and bring down 
through customary reagents to 70 per cent 
alcohol. 

2. Place section in stain for one minute. 

3. Rinse in tap water and then either 
counterstain by any desired method or 
dehydrate and mount. 

Cellulose cell walls and nuclei 
stained dense blue-black. 

COMBINATIONS OF CELESTINE BLUE B 
AND SAFRANIN — The two solutions des- 
cribed above may be used one after the 
other, in either order, to produce a section 
with scarlet lignified cell walls and blue- 
black cellulose cell walls. It has been 
found possible, however, to develop a 
solution which permits synchronous stain- 
ing of these elements in one solution. 

Simple mixtures of the two solutions do 
not work well and the incorporation of one 
dye with the other is more difficult than 
might be thought. Solutions were tried 
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using all possible combinations of 1, 2, 
3, 4 and 5 per cent safranin with 1 and 
2 per cent celestine blue B in 1, 2, 4 and 
8 per cent iron alum. Only one of this 
multiplicity of combinations works satis- 
factorily. It must again be emphasized 
that the method of compounding is just 
as important as the composition of the 
solution. 

1. Raise 100 ml distilled water to about 
50°C. Add successively 14 ml glycerine 
and 5 gm crystal ferric alum. Stir to 
solution. 

2. Roughly mix, in a dry beaker, 3 gm 
safranin 0 with 1 gm celestine blue B. 
Tilt and tap the beaker to concentrate 
the powder in one place and then pour on 
2 ml concentrated sulphuric acid. Stir to 
a paste and leave until the evolution of 
gas has ceased. 

3. Pour on the hot ferric alum solution 
little by little and with constant stirring. 
The pasty dyes dissolve with great diffi- 
culty and it is often necessary to place the 
beaker over a low bunsen and to continue 
stirring for four or five minutes to com- 
plete the dispersion. Cool to room tem- 
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perature. It is not necessary to adjust 
the pH of this solution which will usually 
be found to be between pH 0-8 and pH 1-0. 

The dyes prepared in this manner give 
quite startling good results by the simple 
method indicated below: 

1. De-wax the section and bring down 
to 70 per cent alcohol through the usual 
reagents. 

2. Place in staining solution for 5 
minutes. Overstaining is not possible 
but extremely prolonged soaking in such 
an acid solution is liable to hydrolyse cell 
contents. No damage has been observed 
even to fine cytological structures after 
five-minute staining. 

3. Rinse in tap water and then either 
counterstain according to the preferred 
method or dehydrate and mount. 

Sections stained by this method show 
scarlet lignified and blue-black cellulose 
cell walls. After thorough washing to 
remove the excess acid, sections may be 
counterstained by any method. Light 
green, or combinations of light green with 
methyl violet by the method of Johansen 
( 1940 ), give particularly good results. 


Literature Cited 


Bases, V. 1888. Über einige pathologisch- 
histologische Methoden und die durch diesel- 
ben erzielten Resultäte. Path. Anat. 105: 
511-521. 

Branc, H. 1883. Structure des cupules mem- 
braneux an “ calicoli ” chezles amphipodes. 
Zool. Anz. 6: 370-372. 

EHRLICH, P. ef al. 1910. “ Enzyklopädie der 
Mikroskopischen Technik.’ Berlin. 

FEDERICI, F. 1906. Un nuovo metodo per la 
colorazione specifica delle Mastzellen. Anat. 
Anz. 29: 357-361. 

Foster, A. S. 1934. The use of tannic acid and 
iron chloride for staining cell walls in meri- 
stematic tissues. Stain. Tech. 9: 91-92. 

Gray, P. 1954. ‘‘ The Microtomist’s Formulary 
and Guide.’’ Philadelphia. 

GRAY, P., PICKLE, F. M., MASER, M. & Hav- 
WEISER, L. 1956. The histological uses of 
oxazine dyes. I. Celestin blue B-iron as a 
nuclear stain. Stain. Tech. 31: 141-150. 


HERMANN, F. 1893. Methoden zem Studium des 
Archiplasmas und der Centrosomen tierischer 
und pflanzlicher Zellen. Ergebn Anat. 
EntwGesch. 2: 23-36. 

JOHANSEN, D. A. 1940. “ Plant Microtechnique.”’ 
New York. 

LANGERON, M. 1942. 
Paris. 

NORTHERN, H. T. 1936. Histological applica- 
tions of tannic acid and ferric chloride. Stain. 
Tech. 11: 23-24. 

PoPHAM, R. A. 1948. Mordanting plant tissues, 
Stain. Tech. 23: 49-54. 

ROoUVILLE, E. DE. 1907. ‘‘ Mannel de Technique 
Microscoqique.”’ Paris. 

SHARMAN, B. C. 1943. Tannic acid and iron 
alum with safranin and orange G in studies 
of the shoot apex. Stain. Tech. 18: 105-111. 

ZWARDEMAKER, H. 1887. Flemming’s Safranin- 
Farbung unter Hinzuziehung einer Beize. 
Z. wiss. Mikr. 4: 212. 


‘ Précis de Microscopie.” 


THE YOUNG STAGES OF THE LEAFY HEPATICAE: 
A RESUME 


MARGARET FULFORD 
Department of Botany, University of Cincinnati, Cincinnati, Ohio, U.S.A. 


Introduction 


Among the leafy Hepaticae new plants 
may arise through the germination of 
spores, the germination of gemmae, and 
through the regeneration of individual 
cells of the parent plant. The sporeling, 
which results from the germination of a 
spore, includes the protonema and the 
young axis (stem), first with primary 
leaves and later with juvenile leaves and 
underleaves. This precedes the stem 
with leaves and underleaves of the adult 
form. The gemmaling results from the 
germination (or development) of a 
gemma.’ It has been pointed out repea- 
tedly ( Leitgeb, 1875; Goebel, 1898-1901; 
etc.) that the pattern of development of 
the gemmaling is like that of the sporeling, 
i.e. a protonema and stem with primary 
leaves and later juvenile leaves and under- 
leaves, before the initiation of the adult 
form of stem and leaves. There are, how- 
ever, some exceptions to this general 
statement. The gemmae, which are cha- 
racteristic of a great number of the genera, 
are one- to many-celled and sometimes 
elaborate in structural detail.? 

The regenerant is a plant which has 
developed through regeneration? from a 
presumably adult cell which has under- 
gone dedifferentiation back to an acti- 
vated condition which then initiates cell 
multiplication of one sort or another. The 
stages in the development of the regene- 
rant may be a repetition of the stages of 


1. Gemma —a one- to many-celled structure 
whose specific function is vegetative reproduc- 
tion of the plant. 

2. See Degenkolbe (1938) for a classification 
of gemmae and a summary of this literature. 

3. Regeneration — the activities which bring 
about the formation of a new plant from a single 
cell which is in a position to and usually does 
perform some other function. 


development of the sporeling and gemma- 
ling, or one or more of these stages may be 
missing, or the pattern of development 
may be entirely different. 

Schiffner ( 1934 ) has reviewed some of 
the theories concerning the initiation of 
regeneration. Regardless of the possible 
explanations of this phenomenon, it is 
apparent that all of the Hepaticae have 
the capacity for producing a new plant 
from a single, originally vegetative ( non- 
meristematic ) cell. While it has been 
said that among the leafy Hepaticae every 
cell potentially can produce a new plant, 
there is some evidence to the contrary 
(see Degenkolbe, 1938), and at least in 
certain species, regeneration is restricted 
to specific cells, as for example the stem 
of Blepharostoma trichophyllum where it 
occurs only in the axillary cortical cells 
( Fulford, 1956a ). 


History of Spore Germination 
Studies 


Many observations and investigations 
on the germination of the spores of the 
Hepaticae have been made since Hedwig 
(1784) first observed the germination 
of the spores of Pellia epiphylla and 
Marchantia polymorpha. When the 
leafy Hepaticae as a group are considered 
however, the pattern of germination and 
development of the sporeling is known 
in very few of the nearly 200 genera. 

Corda (1835) seems to have been the 
first to study germination in a member of 
the leafy Hepaticae. Unfortunately, his 
observations on Frullania dilatata and the 
figures were in error, since he described 
the formation of a filament from the spore, 
rather than the globose cell mass within 
the exospore, which we now know is 
characteristic. A few years later, Gottsche 
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(1843) described and figured the spore 
germination in Jungermannia bicrenata 
| =Isopaches bicrenatus |, along with that 
of several thallose species. In the light of 
more recent studies ( Fulford, 1955b ), his 
description included both typical and 
atypical forms. Hofmeister ( 1851, 1862 ) 
also gave attention to germination in the 
Hepaticae. He described and illustrated 
the early stages in a number of thalloid 
and leafy species and pointed out that 
among the genera of leafy Hepaticae there 
were at least three essentially different 
methods of spore germination, namely 
the globose mass of cells within the exo- 
spore of Frullania, the filament as in J. 
bicrenata, etc., and the disc of Radula. 
Groenland (1854) reviewed the earlier 
works and described germination in five 
leafy hepatics ( and some thallose species ). 
He pointed out that the protonemata were 
not identical in different genera and that 
genera which have the same type of proto- 
nema are not necessarily similar in form. 
Leitgeb (1875) discussed the work of 
these authors at some length and added 
several names to the growing list of species 
in which a protonemal stage had been 
observed. He too pointed out that there 
were several patterns of protonemata 
among the leafy liverworts, including the 
mass of cells within the exospore of 
Frullania, the disc of Radula, the filament 
of J. bicrenata, etc., a cell body in Ali- 
cularia | Nardia], and also a group of 
species in which either a filament or a 
cell body was formed, depending on the 
environment. 

Spruce (1882) was the first to use the 
form of the protonema as a distinguishing 
character of a genus, for the first character 
of his all-inclusive genus Cephalozia ( now 
considered a family, with his subgenera 
raised to generic rank ) was, “ Prothallium 
slender, linear or almost filiform, consisting 
of only a single... series of cells... ” 

Goebel ( 1889, 1898-1901, 1930 ) was the 
first to describe spore germination in 
members of the Lejeuneaceae. He too, 
summarized the work of the earlier inves- 
tigators and gave descriptions and exam- 
ples of the five types of sporeling patterns 
which he recognized. He stressed the im- 
portance of environmental factors, parti- 
cularly light and moisture, in determining 
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the form of certain of these patterns. 
Müller (1951) also gave a brief general 
summary of spore germination in the 
liverworts in his monumental work on 
the European Hepaticae. 

In the most recent summary of sporeling 
patterns among the leafy Hepaticae ( Ful- 
ford, 1954) 10 types are recognized. The 
discussion to follow will be based on this 
classification. 

In addition to these broader and more 
general discussions and classifications, 
there have been a number of papers since 
1890 in which the sporeling pattern of a 
particular genus or species was described. 
Many of these are referred to under the | 
particular sporeling types to which they _ 
belong. 


Stability of the Pattern 


Much has been written about the 
variability of some of the patterns of 
germination of the leafy Hepaticae. The 
writers ( Leitgeb, 1875, 1876; Klebs, 1893; 
Schostakowitsch, 1894; Goebel, 1889, 1898- 
1901, 1930; Buch, 1920; etc.) have always 
stressed the influence of the environment, 
including light, moisture, nutrients, tem- 
perature, etc., in determining the form of 
the protonema. Some of these authors 
even maintain that there is no “ pattern ” 
in many of the genera, since one finds so 
much variation in the form of the proto- 
nemata of certain groups. 

This erroneous concept has developed 
from the fact that certain authors have 
reported a filamentous protonema while 
others have reported a cell mass for the 
same species. For example, Alicularia 
[=Nardia] was said to have a filamentous 
protonema by Hofmeister (1851, 1862), 
a cell mass type by Groenland (1854) 
with which Leitgeb (1875) concurred, 
and either a filament or a cell mass by 
Goebel ( 1889, 1930). Furthermore, one 
of the categories set up by Leitgeb was for 
those species in which either a cell mass 
or a cell thread developed on germination 
of the spore, depending on the environ- 
ment. Such discrepancies in the proto- 
nemal patterns reported by these earlier 
workers have led to a great deal of unneces- 
sary and unfortunate speculation and false 
conclusions concerning the early stages in 
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the sporeling development of the leafy 
Hepaticae. While Leitgeb’s statement is 
true to a degree, since in some genera, 
Lophocolea and Chiloscyphus among them, 
one does find a protonema of filamentous 
form developed under certain conditions 
and a protonema in the form of a mass of 
cells under other conditions, it is also true 
that the one form of the protonema is the 
natural or full expression of the genetic 
constitution of the genus or species (in 
this case the cell mass), while the other 
form (the filament) is the modification 
induced by the environmental conditions. 
The latter is an environmental modifica- 
tion and should be recognized as such. 

The more recent experimental work of 
Buch and of Chalaud has likewise em- 
phasized the strong influence of environ- 
mental factors in the determination of the 
form of the protonema in certain species. 
Buch ( 1920 ) has emphasized the relation- 
ship of various nutrient combinations to 
the form and duration of the various early 
stages of the sporeling of Sphenolobus 
michauxit [= Anastrophyllum). The results 
obtained by Chalaud { 1931, 1932, 1937) 
from studies of germination in Lophocolea, 
Chiloscyphus and Scapania on different 
media likewise do much to clarify the 
misleading statements having to do with 
the form or “ lack of form ” of the proto- 
nemata of variable species. 

Chalaud (1931) has pointed out in 
Lophocolea cuspidata and Chiloscyphus 
polyanthus that the form of the proto- 
nema can depend on the nutrient medium. 
Spores germinated with only distilled 
water available produced much elongated 
filaments ( Fig. 104, P ) and cells contain- 
ing ‘enormous vacuoles; spores in Mar- 
chal’s medium or Marchal’s medium as 
modified by Killian, produced filaments of 
short and normal cells ( Fig. 103 ); while 
spores in Marchal’s medium with peptone 
added produced protonemata which were 
often short and massive (Fig. 102 ), sug- 
gesting the protonema of Frullania dila- 
tata, that is, a cell mass was formed. 

This influence of the environment in 
modifying the typical form of the proto- 
nema is even more strongly demonstrated 
by Chalaud (1937) in his experiments on 
Scapania subalpina. Spores germinated 
under natural conditions, among plants 
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in their natural habitat, produced proto- 
nemata in the form of ovoid to cylindrical 
bodies ( Figs. 87, 88), while those germi- 
nated under experimental conditions pro- 
duced protonemata of a variety of forms. 
With certain nutrients a cell mass was 
developed, while with distilled water 
shorter or longer filaments were formed 
( Figs. 89-91). The cell mass is typical 
for this species. 

The study of the variation within the 
sporeling patterns, both in field material 
and in laboratory cultures, has led to the 
following summary: 

1. The pattern is subject to (tem- 
porary ) modification induced by the en- 
vironment. In certain genera this modi- 
fication is of frequent occurrence and may 
be very great, in other genera it is of only 
minor importance, but the problem can 
eventually be solved through nutrient 
studies along with a comparative study of 
developing gemmalings and regenerants. 

2. On the whole, in spite of this varia- 
bility, the patterns of development of the 
protonemata are distinct and can be 
readily recognized. Only occasionally, 
under certain adverse conditions, would 
two types tend to overlap. If, however, 
spores of the species germinate under 
their “‘normal’’ habitat conditions, I 
believe that there is no difficulty in recog- 
nizing the types. 

3. The pattern is constant within a 
genus. 

4. The pattern is probably constant 
within a family. 


Procedure and Methods 


Sporelings, gemmalings and the regene- 
rants have been obtained in a number of 
ways. The easiest method is through the 
happy accident of collecting material in 
which they are present. Actually, they 
are of frequent occurrence but are easily 
overlooked. 

Attempts to germinate spores or gem- 
mae in cultures have been moderately 
successful. Many methods of growing 
leafy liverworts have been described, in- 
cluding the use of flower pots, flasks, test- 
tubes, petri dishes, and glass cloth ( Buch, 
1919, 1920, 1922, 1929, 1932, 1933; Cha- 
laud, 1931, 1937; Fulford ef al, 1947; 
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Garjeanne, 1932; Geldreich, 1948a, b, c; 
Killian, 1923, 1924; Schmitt & Fulford, 
1950) and many types of nutrients 
( Geldreich, 1949) have been tried with 
varying degrees of success. 

Regeneration may be brought about in 
a number of ways and the considerable 
literature on the subject has been treated 
by Kreh (1909) and by Degenkolbe 
(1938 ) in detail. It has been found that 
under certain conditions some of the cells 
of plants growing in culture dishes with 
distilled water, or in closed dishes with 
some light and moisture, will regenerate. 
A higher degree of success is to be expected 
when the plants are chopped into bits or 
injured in some way before they are put 
in culture. A more recent and highly 
successful method has been the applica- 
tion of a small quantity of very dilute 
growth-promoting substance to the plant 
in culture. Usually within a few weeks 
many of the cells of the plants so treated 
have become dedifferentiated and the 
initial stages of the new plant formed. 
The substances used include indole-3- 
acetic acid, ß-(indole-3 )-propionic acid 
(Fulford, 1955a), ß-(indole-3 )-n-buty- 
ric acid, and 2, 4-dichlorophenoxyacetic 
acid ( Fulford, 1956a ). 


The Nature of the Spore and Sporeling 


The spores of the leafy Hepaticae are 
unicellular and range in size from 6 to 
80 or more in diameter. According to 
(Leitgeb, 1884; Goebel, 1930) three 
membranes may be distinguished in the 
spore wall: an endospore or intine, which is 
the innermost layer; the true exospore with 
characteristic markings; and an “ outer 
exospore ”’ or perinium, which is laid down 
on the exospore and is composed of rem- 
nants from the old spore mother cell 
( Figs. 156, 205, 207 at 0). The pattern 
of wall markings of the exospore is cons- 
tant within a species, often within a genus, 
and sometimes even among groups of 
genera (some Lejeuneaceae ). The spore 
contains chloroplasts which may be very 
conspicuous. In general, the spores of 
genera which are predominantly tem- 
perate in distribution (Cephalozia, Ble- 
pharostoma, Lophocolea, Calypogeia, Sca- 
pania, etc.) are small and brown, and on 
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germination the elongating germ tube 
breaks through the exospore which re- 
mains at the base; while the spores of those 
genera which are for the most part tropical 
( Radula, Frullania, Porella and the Lejeu- 
neaceae ) are larger and usually green, 
the chloroplasts are more conspicuous, and 
on germination the exospore is not broken, 
but rather it is stretched to considerable 
size and covers much if not all of the pro- 
tonema. In this latter group several 
cell divisions may occur within the spore 
before the capsule opens so that the 
spore may appear to be multicellular. 

The sporeling includes all of the stages 
in the development of the young plant 
from the time of the first division of the 
spore to the formation of leaves of the 
adult type, namely the protonema, and 
the shoot with primary leaves followed by 
juvenile leaves and underleaves. 

The protonema includes all the stages 
from the first division of the spore up to 
the formation of an apical cell with three 
cutting faces by which the leafy shoot is 
formed. It may be filamentous ( Fig. 
A-I, 4) or globose (Figs. A-II, IV, 4; 
B-V, 4) to long cylindrical ( Fig. B-VI, 
4), or unistratose and disciform ( Fig. A- 
III, 4), rectangular (Fig. B-VIII, 4) or 
ribbon-like (Figs. B-VII, IX, 4-5). It may 
or may not be covered by the exospore. 
Growth may be intercalary or in part 
through the activities of an apical cell with 
two cutting faces ( Figs. B-VII, IX, 3-4 at 
D). The protonemal stage is terminated 
by the formation of an apical cell with 
three cutting faces in one of the cells, 
usually in an end cell. The axis which 
arises through the activities of the latter 
cell bears several kinds of leaves in suc- 
cession. 

The primary leaves, the first leaves 
formed on this axis, consist of a single cell 
or a row of several cells in the Cephalozia 
and Nardia types ( Cephalozia, Fig. 9, A; 
Nardia, Fig. 53, A). They are larger and 
oblong to ovate, and two to four cells 
broad at the base in the other types 
( Radula, Fig. 123, A; Frullania, Fig. 141, A; 
and the Lejeuneaceae ). No underleaves 
have been observed at this level of devel- 
opment except in the genera Calypogeia 
( Fig. 79, U) and Ptilidium ( Fig. 83, U, ). 
This developmental stage is usually short 
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Fic. À — Sporeling types I-IV: I. Cephalozia type. II. Naydia type. III. Radula type. IV. 
Frullania type. Nos. 1-6. Developmental stages ( A, primary leaf; B, juvenile leaf). 1. Spore. 
2-3. Formation of the protonema. 3A. Atypical forms. 4. Protonema, 5. Sporeling. 6. Trans- 
verse section through a sporeling of Radula. 
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and the transition to the next and more 
advanced stage, in which the completely 
different juvenile leaf is formed, is usually 
abrupt. 

The juvenile leaves are plane and bifid, 
with a deep sinus and spreading lobes in 
the Cephalozia and Nardia types ( Ana- 
strophyllum, Fig. 67, B; Chiloscyphus, 
Fig. 114, B; Scapania, Fig. 88, B). In 
contrast, the juvenile leaves in the other 
types are large, and saccate-inflated 
( Radula; Frullania, Fig. 141, B; and the 
Pejeuneaceae, Figs. 152, B, 172, B, 211, 
B, and 223, B). The underleaves, which 
always accompany the juvenile leaves, are 
uniseriate in the Cephalozia and Nardia 
types ( except in Ptilidium and Calypogeia 
where they are bifid), but are narrowly 
ovate to ligulate in the other types. No 
underleaves have been observed in Radula. 
Sooner or later the juvenile leaves are fol- 
lowed by small leaves and underleaves of 
the adult form and_ successive series 
become progressively larger until the adult 
size is reached as the stem increases in 
length. 

As was noted earlier, the pattern of 
development of the gemmaling is similar 
to that of the sporeling in the majority of 
the types, while the development of the 
regenerant may or may not be similar. 

Furthermore, it will be brought out in 
the discussion which follows that even 
though the patterns of development in the 
various young stages of a single genus may 
be different, that is in the sporeling, the 
gemmaling and the regenerant, neverthe- 
less the patterns of the stages in any one 
sporeling type are in agreement among 
the genera belonging to that type. 


Sporeling Types 


The ten sporeling types or patterns of 
development which have now been recog- 
nized among the leafy Hepaticae include: 
the Cephalozia or filamentous type ( Fig. 
A-I), the Nardia type (Fig. A-IT), the 
Radula type (Fig. A-III), the Frullania 
type (Fig. A-IV ), the Lopholejeunea type 
( Fig. B-V ); the Leucolejeunea type ( Fig. 
B-VI), the Lejeunea type (Fig. B-VII), 
the Stictolejeunea type ( Fig. B-VIIT ), the 
Ceratolejeunea type ( Fig. B-IX ), and an 
unnamed type (Fig. B-X). Each of 
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these sporeling types will now be discussed 
in detail together with the related patterns 
of the gemmalings and regenerants of the 
various genera within a type. 


A — PROTONEMA DEVELOPED OUTSIDE 
THE EXOSPORE 


I — The Cephalozia or filamentous type 
( Fig. A-I), first recognized by Hofmeister 
in 1851, is characterized by having a 
simple or branched filamentous protonema 
which develops from the germ tube after 
it has broken through the exospore ( Figs. 
5, 7, 36, at X). Both its size and the 
degree of branching are considerably 
modified by environmental conditions. 
Rhizoids may be present ( Figs. 7, 8, at 
R). An apical cell with three cutting 
faces develops in one of the cells ( usually 
a terminal cell as in Fig. 7, at D) anda 
leafy stem is developed directly through 
the segmentations of this cell ( Figs. 8, 
26). The primary leaves, the first leaves 
to appear, may be of only one cell, or more 
often of a row of several cells ( Figs. 9, 26, 
at A). No underleaves have been ob- 
served at this stage. The juvenile leaves 
which follow are always plane and bifid 
with spreading lobes. Whether under- 
leaves are present at this stage has not 
been determined but it is highly probable, 
since they are present on the regenerants 
(Fig. 31, U). The juvenile leaves are fol- 
lowed by leaves of the adult type. 

This Cephalozia type of sporeling dev- 
elopment has had widespread recognition 
and has been discussed by many authors 
including Groenland (1854, Pl. II, Figs. 
1-16), Leitgeb (1875), Goebel ( 1889; 
1930) and Lampa (1903, Pl. II, Figs. 11-13). 
It has been observed in several species of 
Cephalozia and in Nowellia ( Fulford, 
1955a) and Blepharostoma ( Fulford, 
1956a). Spruce (1882) regarded this 
filamentous protonema as one of the 
criteria of his genus [now a family ] 
Cephalozia, although some of his sub- 
genera [now genera] have a protonema 
of a different sort. Undoubtedly, the 
vegetative plant of Protocephalozia ( see 
Spruce, 1884-85, Table XV; Goebel, 1893), 
except for the leafy sexual branches, may 
be considered to represent a persistent 
protonema of this type. 
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The development of the gemmaling 
follows the pattern of the sporeling. It 
has been studied in C. media ( Fig. 22), 
N. curvifolia ( Fulford, 1955a; Fig. 28) 
and B. trichophyllum ( Figs. 40, 41). A 
filamentous protonema develops from the 
one-celled gemma, and the apical cell with 
three cutting faces is formed in a cell of 
this filament ( Figs. 22, 28, 41, at P and 
D). The leafy shoot with primary, 
juvenile and finally adult leaves develops 
directly through the activities of this cell. 

The development of the regenerants in 
these genera also follows the pattern of 
sporeling development, that is, a longer or 
shorter filamentous protonema followed 
by a leafy stem with primary, juvenile 
and adult leaves. Kreh (1909) showed 
that in regeneration of isolated cells from 
the perianth of C. bicuspidata, a filament 
( protonema ) was formed ( Figs. 11-14), 
on which a leafy stem developed ( Fig. 15). 
Kreh also reported leafy shoots from cells 
of the stem, leaves, perianths and arche- 
gonia but gave no details of the initial 
stages of their development. Leitgeb 
(1875, p. 38, Pl. II) has described the 
formation of filaments from cortical cells 
of the ventral segment of the stem in this 
same species (Fig. 16). A new leafy 
stem develops at the tip of this protonema 
( Fig. 17) in the same manner as in the 
sporeling. Similar regenerants were form- 
ed on stems of C. connivens (Figs. 18-20) in 
culture in the laboratory, but it was not 
determined whether they were restricted 
to the ventral segments. Fig. 21 shows 
one of these regenerants in which the short 
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leafy shoot on the protonema has already 
become gemmiparous. 

The detailed study of the young stages 
of N. curvifolia (Fulford, 1955a) has 
revealed that in this genus also there is 
no difference between the developmental 
patterns of sporelings ( Figs. 23-26 ), gem- 
malings (Figs. 27-29), and regenerants 
(Figs. 30-33), and that a filamentous 
protonema always precedes the forma- 
tion of the leafy stem with its primary, 
juvenile and adult types of leaves ( com- 
pare Fig. 26 with Figs. 28, 30, 31, 32 and 
33). Regardless of the position of the 
regenerant, whether from a cell of the 
stem ( Fig. 31), the surface or margin of a 
leaf ( Fig. 30), from a cell of a juvenile 
leaf, or the surface or mouth of the 
perianth (Figs. 32, 33), the patterns 
of development were the same. 

In Blepharostoma trichophyllum ( Ful- 
ford, 1956a ) a comparison of the develop- 
ment of the sporeling ( Figs. 35-38 ) with 
that of the gemmaling ( Figs. 39-41 ) and 
the regenerants (Figs. 42-46) indicates 
that in this species too, a filamentous 
protonema always precedes the formation 
of the leafy stem. However, this species 
differs from Cephalozia and Nowellia in 
that regeneration in stem cells is localized 
and restricted to a cortical cell of the axil 
of a leaf or underleaf. Fig. 43 is from a 
section of a stem, S, and a leaf, L, and 
shows the origin of the axillary protonema, 
P. Such an axillary cortical cell produces 
either a filamentous protonema ( Fig. 43 ), 
which in turn produces a leafy plant 
directly ( Fig. 44), or it produces a globose 


Fics. 1-22 — Cephalozia type. 
Figs. 11-17. Regeneration. 
germination. 
R, rhizoids; S, leafy axis; X, exospore ). 


Figs. 1-17. C. bicuspidata. 
Figs. 18-21. C. connivens, regeneration. 
( A, primary leaf; D, apical cell of the shoot; G, gemmae; P, filamentous protonema; 
Fig. 1. Spores. 
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Figs. 1-10. Spore germination. 
Fig. 22. C. media, gemma 


Figs. 2-6. Filamentous protonemata. 


Fig. 7. A protonema with a rhizoid R, the first division in the formation of the apical cell of the 


shoot D, and exospore, X. Figs. 8, 9. Sporelings. 


the tips of the branches. 
the perianth. 


Fig. 10. A branched protonema with stems at 


Figs. 11-13. Protonemata developed in regeneration from isolated cells of 
Fig. 14. A regenerant protonema with the first division in the formation of the apical 


cell of the shoot, D. Fig. 15. A regenerant from a cell of the perianth showing the protonema, 
P, bearing a stem, S. Fig. 16. A t.s. of a stem showing the origin of the protonema P, in a cell of 
the cortex. Fig. 17. Portion of a regenerant from a cortical cell. Note the stem, S. Figs. 18-20. 
Regenerant protonemata from cortical cells of the stem; note apical cell and segments of the new 
leafy axis, D. x 400. Fig. 21. A leafy regenerant from a cortical cell showing a short leafy shoot 
already gemmiparous. x 400. Fig. 22. An early stage in the development of a gemmaling, first 
division in the formation of the apical cell of the shoot, D. x 400. Figs. 1-9 after Groenland, 1854; 
Fig. 10 after Lampa, 1903; Figs. 11-15 after Kreh, 1909; Figs. 16-17 after Leitgeb, 1875; and Figs. 
18-22 from laboratory cultures of plants collected in Kentucky and Tennessee. 
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body or mass of cells which by conti- 
nued growth almost immediately dif- 
ferentiates into a leafy shoot (Fig. 45) 
with rhizoids, primary leaves and _ bifid 
juvenile leaves, before the adult type 
leaves appear. Under certain conditions 
the development of these globose cell 
masses is arrested before the primary 
leaves are recognizable and filamentous 
protonemata grow out from superficial 
cells ( Fig. 46). An apical cell with three 
cutting faces becomes differentiated in 
one of the cells of the filament ( Fig. 46, 
D ) and a new shoot is formed through the 
activities of this cell. 

Schistochila (S. ciliata ? ) is reported to 
have a filamentous protonema in the 
development of the sporeling ( Goebel, 
1930, p. 908, Fig. 978). Unfortunately, 
no material was available for a study of 
the development of the regenerants or 
possibly gemmae, so that no more than a 
tentative inclusion of this genus in the 
Cephalozia sporeling type may be made at 
this time. 

In summary, the Cephalozia type of 
sporeling development is characterized by 
the formation of a filamentous protonema 
developed outside the exospore, on which 
a leafy plant is formed directly, through 
the activities of an apical cell with three 
cutting faces. Gemmae and regenerants 
(except the axillary shoots in B. tricho- 
phyllum ) follow this same pattern of dev- 
elopment and may, therefore, serve to 
indicate the type of sporeling even when 
the sporeling itself is not known. Fur- 
thermore, if the filamentous type of proto- 
nema is to be regarded as one of the 
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criteria of the family Cephaloziaceae ( and 
probably other families ), then certain of 
the genera, namely Cladopodiella (C. 
fluitans ), Odontoschisma (O. prostratum ) 
and perhaps others, will have to be exclud- 
ed from the family since their patterns of 
regeneration or gemmaling development 
are of a different type. 

II The Nardia type of sporeling 
(Fig. A-II) is characterized by develop- 
ment outside the exospore, of a globose to 
cylindrical multicellular protonema on 
which the leafy shoot with uniseriate 
primary leaves and plane, bifid juvenile 
leaves ( Figs. 67, 79, 88, 98 ), followed by 
leaves and underleaves of the adult type 
is developed. The germ tube breaks 
through the exospore immediately on 
germination and through intercalary divi- 
sions in three planes the protonema is 
formed. Not only are, the overall shape 
and size of the protonema modified by the 
environment, but the pattern itself may 
be modified to that of a filament under 
certain conditions. Furthermore, the pro- 
tonemata of some species and genera ap- 
pear to be more susceptible to modification 
than others. The variability of this parti- 
cular pattern which has so confused the 
thinking concerning sporeling patterns in 
the Hepaticae has already been considered 
above, and will again be discussed under 
the separate genera. 

Gemmaling development follows the 
pattern of the sporeling, that is divisions 
in three planes in the one- or two-celled 
gemma, so that a globose to cylindrical 
protonema is formed before the leafy stem 
appears ( Figs. 72, 73, 80, 94, 95, 99). 
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Fics. 23-46 — Cephalozia type (A, primary leaf; B, bifid juvenile leaf; C, adult leaf with 
characteristic water sac; D, apical cell of the leafy shoot; G, gemmae; L, leaf; P, protonema; R, 


thizoid; S, stem; U, underleaf; X, exospore). 
24, 25. Developing filamentous protonema. 


cell of a leaf. 
from a cell of the perianth. 


perianth. Fig. 34. A young leafy stem. 


Figs. 23-34. Nowellia curvifolia. 
lings. Figs. 27-29, Gemmae and gemmaling. Figs. 30-33. Regenerants. 
Fig. 26. A sporeling. 
A gemmaling. Fig. 29. Gemmae, G, on the tooth of a leaf. 


Figs. 23-26. Spore- 
Fig. 23. A spore. Figs. 
Fig. 27. A gemma. Fig. 28. 
Fig. 30. A regenerant from a marginal 


Fig. 31. A regenerant from a cortical cell of the stem. Fig. 32. A similar regenerant 
Fig. 33. The protonemal stage of a regenerant from the mouth of a 
Figs. 35-46. Blepharostoma trichophyllum. 


Figs. 35-38. 


Filamentous protonemata from spores. Figs. 39-41. Gemmae and gemmalings. Figs. 42-46. Regene- 


rants. 
leaf. 
mation of filaments from leaf cells. 


formed directly in the axil of a leaf. 
globose structure. 


Figs. 35-38. Filamentous protonemata from spores. 
Fig. 40. Gemma germinating. Fig. 41. Young gemmaling. 


Fig. 39. Gemmae on a segment of a 
Fig. 42. Early stage in the for- 


{ Fig. 43. Filament formed through regeneration of an axillary 
cell of astem. Fig. 44. Portion of a leafy stem from such a filament. 


Fig. 45. Regenerant branch 


Fig. 46. Filament developed from a surface cell of an axillary 
Figs. 23-34 after Fulford, 1955a; Figs. 35-46 after Fulford, 1956a. 
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The regenerants, too, develop according 
to the same pattern. The dedifferentiated 
vegetative cell divides and eventually a 
smaller or larger mass of cells is formed and 
the leafy plant arises from this cell mass 
or protonema ( Figs. 54-60, 74, 75, 96, 97 ). 

This pattern is characteristic of the 
greater number of the genera of the tem- 
perate northern hemisphere ( excluding 
the members of the Lejeuneaceae and cer- 
tain other families ) andis, therefore, found 
in a number of families. 

The following examples are taken from 
the family Jungermanniaceae (sen. lat.). 
The sporeling protonema of Nardia scala- 
ris (Figs. 47-52) was first described 
funder Alicularia], as being filamen- 
tous ( Hofmeister, 1851) but Groenland 
(1854) just a few years later concluded 
from his own studies on germination that 
a globose cell mass developed from the 
spore. Leitgeb (1875) concurred that 
this type was most often formed. Figs. 
47, 50 and 52 after Groenland and Figs. 
48, 49 and 51 after Leitgeb illustrate the 
variation with both typical ( Figs. 47-50 ) 
and modified forms ( Figs. 51,52). These 
latter suggest the protonema of the Cepha- 
lozia form. 

The sporeling of Plectocolea hyalina 
( Fig. 53 ) as illustrated by Lampa ( 1903 ) 
is of special interest in that on germination 
of the spore a short filament precedes the 
formation of a globose protonema ( Fig. 
53, F and P). Two short filaments arise 
from the latter and on each a leafy stem is 
formed. 
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A study‘ of the formation of regenerants 
on the leaves of this species ( Figs. 54-60 ) 
has shown without question that a globose 
protonema precedes the formation of the 
leafy stem. These protonemata often 
become large and branched ( Fig. 60 ). 

The sporeling of P. crenulata ( Figs. 61- 
66) likewise has a globose protonema 
(Groenland, 1854). The protonema of 
Fig. 66 is of note in that after the forma- 
tion of the typical globose protonema, P, 
from the spore, a filament, F ( instead of a 
leafy shoot), was developed. On this 
latter another globose protonema was then 
formed. 

The sporeling of Sphenolobus michauxii 
[ =Anastrophyllum | was shown by Buch 
(1920, 1932) to have a conspicuous glo- 
bose protonema which preceded the for- 
mation of the leafy shoot ( Fig. 67). Buch 
(1920) has demonstrated that the size 
of this protonema can be modified by a 
variation of the nutrient. 

A similar type of protonema is present 
in the sporelings of Lophozia porphyroleuca 
( Buch, 1920 ). 

Finally, the sporeling of Isopaches 
bicrenatus ( Figs. 68-70) has also been 
studied in detail ( Gottsche, 1843; Fulford, 
1955b ). Gottsche described the proto- 
nema as being filamentous, and most of 
his figures are of simple unbranched 
threads as in Fig. 70B, but a few of the 
illustrations suggest early stages of proto- 


4. Treatment with both indole-3-acetic acid 
and ß-(indole-3 )-n-butyric acid in 1: 100,000 
produced similar results. 
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Fics. 47-75 — Nardia type. Genera belonging to a single family (A, primary leaf; 
B, bifid juvenile leaf; F, filament; P, globose protonema; R, rhizoid; X, exospore). Figs. 47-52. 
Nardia scalaris. Figs. 47-49. Stages in the formation of typical globose, multicellular protonemata. 
Fig. 50. A sporeling. Figs. 51, 52. Atypical filamentous protonemata. Figs. 53-60. Plectocolea 
hyalina. Fig. 53. A sporeling showing the exospore, X, multicellular protonema, P, and two stems 
bearing primary leaves, 4; one stem has developed from a filament, F. Fig. 54. Leaf cells. x 400. 
Figs. 55-58. Globose protonemata formed through regeneration of leaf cells. x 400. Figs. 59-60. 
Regenerants from leaf cells. x 400. Figs. 61-66. P. crenulata. Fig. 61. Spores. Figs. 62-64. 
Stages in the development of globose protonemata from spores. Fig. 65. A sporeling. Fig. 66. 
An atypical protonema, P, from which a filament, F, producing another protonema, P, developed. 
Anastrophyllum michauxit. Fig. 67. A sporeling. Figs. 68-75. Isopaches bicrenatus. Fig. 68. 
A spore. Fig. 69. A typical protonema from a spore. Fig. 70A. A typical protonema. Fig. 70B. 
An atypical protonema of the filamentous type. Fig. 71. A gemma. Fig. 72. Protonema of a 
gemmaling. Fig. 73. A gemmaling. Fig. 74. Leaf cells in early stages of regeneration. Fig. 75. 
A regenerant protonema from a leaf cell. Figs. 47, 50, 52, 61-66, after Groenland, 1854: Figs. 
48, ef Re ee SD re a, ne Jampa, 1903; Figs. 54-60 from material kept in culture 
with indole-3-acetic acid added; Fig. 67, after Buch, 1932; Figs. 70A & B, af = 
Figs. 68, 69, 71-75, after Fulford, 1955b. à ee, 
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nemata of the cell mass type (see Fig. 
70A ). The more recent study of the 
species has shown that when spores have 
germinated in growing mats of the plants 
(under typical habitat conditions ), glo- 
bose protonemata are formed ( Fig. 69 ). 

Gemmalings of J. bicrenatus ( Figs. 71- 
73) follow this same pattern, that is a 
globose to cylindrical protonema followed 
by a shoot with uniseriate primary leaves 
and bifid juvenile leaves ( Fig. 73, A and 
B). 
Ihe early stages of regeneration from 
dedifferentiated leaf cells show that a 
globose protonema is formed (Figs. 74, 75). 
Unfortunately, fully developed regene- 
rants were not seen. 

Sporelings of the Nardia type also occur 
in genera from a number of other families. 

The sporeling of Calypogeia trichomanis 
( Figs. 76-79) was studied in detail by 
Ellwein (1926). His figures indicate 
that a globose to cylindrical cell body with 
one or more rhizoids is formed from the 
spore. He has suggested (p. 97) that 
occasionally this protonema may grow 
for a time through the activities of an 
apical cell with two cutting faces ( thus 
forming a unistratose ribbon). The leafy 
stem from the protonema appears to have 
three rows of primary leaves, or more cor- 
rectly, two rows of leaves and one of 
underleaves (Fig. 79, A and U). The 
early appearance of underleaves, along 
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with the primary leaves, to my knowledge, 
occurs in only one other genus, namely 
Ptilidium (Fulford, 1956c), and should 
be significant in a phylogenetic considera- 
tion of the young stages of these plants. 

The germination of the gemmae has 
been studied by Schostakowitsch ( 1894 ). 
He stated that a filament growing from 
the gemma precedes the leafy stem, except 
that sometimes a cell plate is formed 
through growth by an apical cell with two 
cutting faces. In cultures in half light 
many-branched filaments developed from 
the gemmae. However, some of his figures 
suggest that a cylindrical mass of cells is 
formed from the gemma. 

Regeneration has been studied in C. 
trichomanis (Kreh, 1909) and in C. 
neesiana. Kreh (Pl. II, Figs. 24, 25) 
found that on regeneration of a leaf 
cell a mass of cells ( protonema ) was 
formed before the apical cell with three 
cutting faces appeared. In a similar 
manner the dedifferentiated leaf cell gives 
rise to a pile of cells in C. neestana ( Fig. 
82). The later stages involving a leafy 
shoot have not been seen. 

The sporeling of Ptilidium pulcherrimum 
(Fulford, 1956c) follows the same pattern 
of development. There is a cylindrical 
protonema and a stem with three series 
of primary leaves ( one series an underleaf, 
Fig. 83, U, ) and bifid or sometimes further 
divided juvenile leaves and underleaves 


Fics. 76-101 — Nardia type. 


Calypogeia. Figs. 76-81. C. trichomanis. 
Fig. 78. Protonemata developed from spores. 
gemma. 


TE Examples from 4 additional families 
bifid juvenile leaf; Z, old leaf; P, protonema; R, rhizoid; U, underleaf; X, exospore ). 


os 


(A, primary leaf; B, 
Figs. 76-82. 


Figs. 76, 77. A spore and early stages in germination. 
: Fig. 79. A sporeling. Fig. 80. A protonema from a 
Fig. 81. An atypical protonema (filamentous) from a gemma. 


Fig. 82. C. neesiana. 


Stages in regeneration of a globose protonema from leaf cells. x 400. Figs. 83, 84. Ptilidium 
pulcherrimum. Fig. 83. Ventral view of a young sporeling; P, protonema; U,, underleaf of the 
primary series; U,, bifid underleaves of the juvenile series. x 325. Fig. 84. Regenerant from a leaf 
cell. X 325. Figs. 85-97. Scapania. Figs. 85-91. S. subalpina. Fig. 85. A spore. Figs. 86, 87. 
Typical globose protonemata from spores. Fig. 88. A sporeling. Tigs. 89, 90. Atypical ( filamentous) 
protonemata. Fig. 91. A globose protonema, P, developed on a filament, F. Figs. 92-97. S. neme- 
rosa. Fig. 92. A gemma. x 400. Figs. 93, 94. Stages in the development of the protonema of 
a gemmaling. x 400. Fig. 95. A gemmaling. x 200. Fig. 96. Leaf cells showing early stages in 
regeneration. x 400. Fig. 97. A regenerant from a leaf cell. x 250. Figs. 98-101. Cephaloziella. 
Fig. 98. C. starkii. A sporeling. C, leaf of the adult type. Fig. 99. Cephaloziella sp. A gemmaling. 
x 400. Fig. 100. Stages in regeneration from leaf cells. x 400. Fig. 101. A regenerant from a leaf 
cell. x 400. Figs. 76-79 after Ellwein, 1926; Figs. 80, 81 after Schostakowitsch, 1894; Fig. 82 from 
laboratory cultures of material collected in Michigan; Fig. 83 from dried plants collected by Br 
Marie-Anselme in Quebec; Fig. 84 from a culture of plants collected in Michigan; Figs. 85-91 after 
Chalaud, 1937; Figs. 92-97 from cultures of plants collected in Kentucky and Tennessee; Fig. 98 after 
Douin, 1916; Figs. 99-101 from cultures of plants collected in Kentucky. 
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(Fig. 83, U,). The regenerants from 
dedifferentiated leaf cells, both in nature 
and in cultures, also have a protonema 
of a mass of cells (Fig. 84, P), which 
precedes the shoot with primary and 
juvenile leaves. 

In the case of the sporelings of Scapania 
a study of the effect of various nutrients 
on the form of the protonema has been 
made ( Chalaud, 1937). As was pointed 
out earlier, in S. subalpina the sporelings 
which had germinated among plants in 
their natural habitat had globose to cylin- 
drical protonemata ( Figs. 86-88), while 
those spores germinated in certain nutrient 
solutions produced filaments (atypical 
protonemata, Figs. 89, 90). A globose 
protonema often was formed later at the 
tip of such a filament ( Figs. 90, 91). The 
leafy shoot which develops on the proto- 
nema bears uniseriate primary leaves 
(Fig. 87A) without underleaves, and 
plane, equally bifid juvenile leaves ( Fig. 
88B). Buch (1920) has described a 
similar globose protonema in the sporeling 
of S. paludicola. 

The development of gemmae has been 
studied in the common S. nemorosa ( Figs. 
92-95). On germination the two-celled 
brown gemma soon forms a globose mass 
of cells, the protonema, which may be- 
come long cylindrical, or even filamentous 
in certain environments. The leafy shoot 
which develops on the protonema bears 
uniseriate primary leaves and bifid juve- 
nile leaves, hence the gemmaling ( Fig. 
95 ) is similar to the sporeling. 


Regenerants of this species are similar. 
A mass of cells, the protonema, is soon 
developed on a leaf or a stem after one or 
more internal divisions in a dedifferentia- 
ted cell ( Fig. 96). The leafy stem of the 
regenerant bears primary and juvenile 
leaves (Fig. 97, A and B), as do the 
sporeling and gemmaling. Kreh described 
similar protonemata from cells of a leaf 
and a perianth. 

The genus Cephaloziella is in the same 
category. Douin (1916) has shown that 
the sporeling of C. starkii consists of a 
multicellular, globose protonema and a 
leafy axis with primary leaves, bifid juve- 
nile leaves, and underleaves ( Fig. 98 ). 
The gemmaling of a second species was 
quite similar although not fully developed 
( Fig. 99). Regeneration in yet another 
species followed the same pattern in that 
a small pile of cells, the protonema, is 
formed after the dedifferentiation of a leaf 
cell ( Figs. 100, 101). The leafy shoot 
develops from this protonema. 

The interpretation and classification of 
the young stages in the genera Lophocolea 
and Chiloscyphus are exceedingly difficult. 
The north temperate species of these 
large genera are for the most part wide- 
spread and, in general, are to be found 
under a wide variety of environmental 
conditions. The widespread species show 
a high degree of variation in size and form 
and appear to be extremely plastic. This 
variation extends even to the form of the 
protonema. As was mentioned earlier, 
Chalaud ( 1931 ) has studied the germina- 


Fics. 102-118 — Nardia type. Figs. 


102-110. Lophocolea. 
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Figs. 102-105. L. cuspidata. 


Fig. 102. Spores germinated in Marchal’s medium to which a trace of peptone was added. Fig. 
103. A spore germinated in Marchal’s medium. Fig. 104. A sporeling grown in distilled water. 
Note the atypical protonema, P, exospore, X, and primary leaf, A. Fig. 105. A regenerant from an 
isolated cell of a perianth showing an atypical, filamentous protonema, P, and a leafy stem with 
primary leaves, 4. Figs. 106-110. L. heterophylla. Fig. 106. A branched filamentous protonema 
with young stems bearing primary leaves, A, at the tips of the branches. Fig. 107. Spores and a 
filament. Fig.108. A sporeling. With primary leaf, 4, and juvenile leaf, B. Fig.109. Regenerant 
protonemata from leaf cells. x 400. Fig. 110. A regenerant from a leaf cell. x 400. Figs. 111-118. 
Chiloscyphus. Figs. 111-116. C. pallescens. Fig. 111. A spore. Fig. 112. Filamentous protonemata, 
the new stem at S. Fig. 113. A young stem with primary leaves, À, on such a filament. Fig. 114. 
The leafy stem of a sporeling. Fig. 115. An early stage in regeneration from a leaf cell. x 400. 
Fig. 116. Various stages in regeneration and a regenerant from leaf cells. x 400. Fig. 117. C. fragilis, 
a globose protonema developed from a marginal cell of a leaf. x 400. Fig. 118. C. gemmiparus, the 
globose protonema from a gemma. Figs. 102-104, after Chalaud, 1931; Fig. 105 after Kreh, 1909: 
Fig. 106 after Lampa, 1903; Fig. 107, 108 after Hofmeister, 1851; Fig. 109, 110 from dried material 
collected by H. Moldenke in New York; Figs. 111-114 after Leitgeb, 1875 ; Figs. 115-117 from material 
collected in Michigan and grown in culture; Fig. 118 after Evans, 1938. 
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tion of the spores of a species in each of 
these genera in various media with a 
variety of results. 

Lophocolea—Spores of L. cuspidata, when 
grown with Marchal’s medium ( Fig. 103 ) 
or with distilled water ( Fig. 104), pro- 
duced a filamentous protonema of the 
Cephalozia type; spores grown in Mar- 
chal’s medium with peptone added pro- 
duced a globose, multicellular protonema 
(Fig. 102, early stages) of the Nardia 
type. Leitgeb ( 1875, Taf. VI, Figs. 7-12) 
had described a filamentous protonema 
in L. bidentata, while Lampa ( 1903) and 
Hofmeister (1851) had illustrated fila- 
mentous protonemata for the variable 
L. heterophylla ( Figs. 106-108 ). 

In the development of the gemmaling 
of L. bidentata ( Schostakowitsch, 1894, 
Fig. 5), the one-celled gemma divides 
only a few times and forms a very small 
protonema of the Nardia type before the 
apical cell for the shoot is formed. A 
filamentous protonema has not been re- 
ported for this species. 

The protonema formed in the regenera- 
tion of cells which have become dedifferen- 
tiated is also subject to variation. Kreh 
( 1909 ) showed that a filamentous proto- 
nema was formed in the regeneration of 
isolated cells of the perianth in both 
L. heterophylla and L. cuspidata ( Fig. 
105 ) and that the leafy shoot developed 
directly from this protonema. A similar 
protonema resulted from the regeneration 
of isolated marginal or superficial cells of 
an old leaf of L. heterophylla and from cells 
of the apex of a leaf of L. cuspidata. Kreh 
also described shoots arising through 
regeneration of cells of the archegonium, 
stem, etc., but gave no details of the 
early stages. On the other hand, Chalaud 
(1931) has illustrated regenerants from 
dedifferentiated leaf cells of L. cuspidata 
in which the protonema consisted of a 
few irregularly arranged cells ( the Nardia 
type). Schostakowitsch (1894) has shown 
in L. bidentata that the apical cell of the 
leafy shoot is developed after a few- 
celled protonema of the Nardia type is 
formed from the dedifferentiated leaf cell. 
A study of regeneration of cells of old 
leaves of L. heterophylla in culture showed 
that a multicellular protonema of the 
Nardia type is formed ( Fig. 109 ) following 
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the dedifferentiation of the leaf cell. This 
same type of protonema was present in a 
regenerant on a leaf of a plant growing 
in its natural habitat (Fig. 110, P). 

Chiloscyphus — The situation in Chilos- 
cyphus is similar. Chalaud ( 1931 ) found 
that spores of C. polyanthus on Marchal’s 
medium produced a filamentous proto- 
nema, and that each of the cells of the 
initial filament might give rise to a lateral 
filament, which in turn could produce 
a leafy plant. Earlier, Schostakowitsch 
(1894) reported that spores cultivated in 
weak light for nine months produced 
filamentous protonemata but no leafy 
shoots. Leitgeb (1875) showed that in 
C. pallescens the spore produced a simple 
or branched filament ( Figs. 111, 112) 
and that the new plant was formed directly 
at the tip of a filament ( Figs. 113, 114). 
The primary leaf is of one cell or a row of 
cells ( Figs. 113, 114, A) and the juvenile 
leaves are bifid ( Fig. 114 B). 

Gemmae and early stages in the forma- 
tion of gemmalings were described by 
Evans (1938) in C. gemmiparus. The 
gemmae are formed in simple or branched 
Brutbuschel or clusters on specialized pro- 
jecting stalk cells on or near the margin 
of a leaf, as in L. bidentata ( Schostako- 
witsch, 1894). The gemmae are one- 
celled ( probably ) but germination may 
begin before they are shed. With the 
continued division of these cells a cell 
mass is formed (Fig. 118), which I 
interpret as a protonema of the Nardia 
type. 

The regenerants show considerable 
variation in the pattern of development. 
Kreh (1909, Taf. 4, Figs. 30-33) showed 
that isolated cells of the perianth of C. 
polyanthus formed, on regeneration, a 
filamentous protonema on which the 
leafy shoot developed. On the other 
hand, Schostakowitsch ( 1894) has shown 
that on regeneration of leaf cells, the 
dedifferentiated cell divides just a few 
times before the apical cell of the leafy 
shoot is formed, so that there are just a 
few cells (the Nardia type protonema ) 
at the base of the leafy shoot. 

This latter condition is also true for 
both C. fragilis ( Fig. 117) andC. pallescens 
(Figs. 115, 116). The regenerants devel- 
oped on leaf fragments kept in culture in 
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the laboratory. The largest regenerant 
(Fig. 116) had a rhizoid, a small proto- 
nema and a stem with primary leaves. 

Although sporeling protonemata of 
both the Cephalozia and the Nardia types 
occur, even in a single species of Lopho- 
colea and Chiloscyphus, depending on the 
environment (the nutrient in many ins- 
tances ), the occasional globose proto- 
nemata of the regenerants of both of these 
species, and the globose protonemata in 
the development of the gemmalings, 
suggested in L. bidentata and well devel- 
oped in C. gemmiparus, indicate to me 
that the characteristic protonema for these 
genera is of the Nardia type, and that the 
filamentous protonemata (from spores 
or in regeneration ) had developed because 
of the atypical environment in which the 
studies were carried on. 

In summary, the Nardia type of spore- 
ling development includes a globose proto- 
nema formed outside the exospore, with 
a leafy shoot bearing uniseriate primary 
leaves and bifid juvenile leaves; the 
pattern of development of the gemmaling 
and of the regenerant is similar. Varia- 
tion in the form of the protonema of the 
sporeling, even to the formation of a fila- 
ment, is brought about by certain environ- 
mental conditions. When the protonema 
of the sporeling is unknown or is highly 
variable, it would seem that the pattern 
in regeneration, which may be obtained by 
_use of growth-promoting substances, might 
serve as a reliable indication and guide to 
the characteristic form of the sporeling. 


B. PROTONEMA DEVELOPED WITHIN 
THE STRETCHED EXOSPORE 


All of the remaining types of sporeling 
development are distinct from the Cepha- 
lozia and the Nardia types in that on 
germination of the spore the protonema 
develops at least in part within the stretch- 
ed exospore, the primary leaves of the 
shoot are ovate to oblong, and the juvenile 
leaves are large, saccate-inflated. The 
pattern of development of the regenerant 
is similar in all of the types and is thus not 
always in agreement with the sporeling 
pattern. 

III — The Radula type (Fig. A-IIT) 
was first described by Hofmeister ( 1851 ) 
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and later by Groenland (1854), Leitgeb 
(1875) and others. Spore germination 
occurs within the exospore which thus 
becomes greatly stretched, so that a 
usually unistratose, multicellular, disci- 
form protonema, the proembryo of Goebel, 
is formed through intercalary divisions 
in two planes ( Figs. 119-124). Rhizoids 
grow out from cells of this plate ( Figs. 
121, 124, R). The leafy shoot develops 
from a marginal cell of the protonema 
(Figs. 123, 124). The primary leaves 
are small, oval and plane, while the juve- 
nile leaves are saccate and strongly in- 
flated as in the sporelings of Frullania and 
the Lejeuneaceae. 

Multicellular gemmae are frequent in 
many of the species. They too are disci- 
form (Figs. 126, 127), of one or two 
layers of cells and are superficial or mar- 
ginal on the leaves, the bracts, or the 
perianth. The development of the gem- ' 
mae of R. complanata has been described 
by Schostakowitsch (1894), Cavers 
(1903), Kreh (1909), Stevens (1910), 
and others, gemmae of R. diaphana by 
Goebel (1930), R. flaccida by Williston 
(1912), and R. tjibodensis by Goebel 
(1888). The pattern of development 
is, in a general way, the same for all 
species. The new leafy shoot with 
plane primary leaves and saccate-inflated 
juvenile leaves develops from an apical 
cell with three cutting faces which arises 
in a marginal cell of the gemma ( Figs. 
128-130 ). 

The gemma may, under certain circums- 
tances, according to Goebel ( R. diaphana, 
1930; R. tjibodensis, 1888), grow out into 
a small secondary thallus which may in 
turn produce more gemmae or a leafy 
shoot. Somewhat similar thalloid bodies 
have been described in R. sullivantit 
(Castle, 1925) and R. evansi (Castle, 
1938). These more or less elongate 
structures arise from marginal cells of the 
caducous dorsal lobe of the leaf or male 
bract. As in the gemmae of limited 
growth, the new leafy shoot develops from 
a marginal cell of this thallus. These 
and the other examples of the formation 
of elongate thalli from leaf cells seem to be 
examples of a prolongation of the proto- 
nemal stage in the development of the 
gemmaling. 


Fics. 119-136 — Radula type (A, primary leaves; B, juvenile leaves; F, filament; G, P, 
gemma or protonema; L, leaf; P, protonema; R, rhizoids). Radula complanata. Figs. 119-124. 
Spores and sporelings. Figs. 126-136. Gemmae and gemmalings. Fig. 119. A spore. Figs. 120- 
122. Stages in the development of the disciform protonema. Fig. 123. A sporeling with primary 
leaves, A. Fig. 124. A t.s. of a sporeling with primary leaves and rhizoids, R. R. obconica. Fig. 
125. Portion of a leaf with various stages of regeneration in the marginal cells. x 400. Fig. 125A. 
A regenerant from a marginal leaf cell. x 150. R.complanata. Fig. 126. A young gemma on a 
leaf margin. x 400. Fig. 127. A gemma with two rhizoids. x 200. Fig. 128. A gemmaling. x 200. 
Fig. 129. A gemmaling; note the saccate-inflated juvenile leaves. x 180. Fig. 130. A gemmaling 
on a leaf. x 180. Figs. 131-133. Filaments from leaf cells in culture. Fig. 134. A filament 
with the tip enlarged and several cells in a series which will initiate the formation of the new 
disc (gemma?). Figs. 135, 136. Protonemata (or gemmae ?) formed on filaments from leaves. 
Figs. 119-122 after Hofmeister, 1851; Groenland, 1854 and Leitgeb, 1875. Figs. 123, 124 after 
Hofmeister, 1851; Figs. 125, 126-130 from plants collected in Tennessee by A. J. Sharp and kept in 
culture for 5 mos.; Fig. 125A from dried material from Kentucky; Figs. 131-136 after Kreh, 1909. 
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The disciform structures developed 
through the “ regeneration” from “ rhi- 
zoids ” which were described in R. compla- 
nata by Kreh (1909) would seem to re- 
present another example of an unique 
method of gemmae formation, perhaps 
under unusual environmental conditions. 
Kreh has described these disciform struc- 
tures ( Figs. 135, 136 ) as having developed 
from marginal rhizoids (Figs. 131-134), 
which first became chlorophyllose and 
then multicellular through the formation 
of cross walls. Through the further devel- 
opment of the cells at the tip of this fila- 
ment, the stalked disciform protonema 
was formed (Figs. 135, 136P). From 
both the description and the figures it 
would seem that at least some of these 
so-called rhizoids were actually green 
filaments from the beginning, which had 
been produced in an atypical environment 
by cells which would have produced dis- 
coid gemmae directly, under usual condi- 
tions. Furthermore, regeneration from 
dedifferentiated leaf cells in Radula follows 
a totally different pattern. 

Regenerants from leaf cells have been 
reported in a number of species, parti- 
cularly those in which the dorsal lobe of 
the leaf is caducous. Lorenz (1918) 
has described the development of such 
regenerants in R. obconica. After a leaf 
has been shed, one or more of the marginal 
cells become enlarged. The enlarged cell 
divides horizontally and then in the outer 
cell a wall is formed perpendicular to the 
leaf margin (Fig. 125). An apical cell 
with three cutting faces is then formed 
in one of the latter cells. The leafy shoot 
with primary and juvenile leaves develops 
through the activities of this cell ( Fig. 
125A). The cell mass or protonema at 
the base of the shoot consists of only a few 
cells and not so many as in Frullania. 
This protonema is different from that of 
the sporeling or the gemmaling where 
it is disciform. Such regeneration is 
common for the genus Radula (Castle, 
1925). 

In summary, the sporeling of the Radula 
type consists of a disciform protonema 


5. My own previous assumption ( Fulford, 
1954) was that they were the protonemata of 
regenerants but I now feel that this interpreta- 
tion was incorrect, 
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developed within the exospore, which 
bears a marginal leafy shoot with plane, 
ovate primary leaves and saccate-inflated 
juvenile leaves; the gemmaling is similar 
and the gemma itself is the protonema; 
on the other hand, the regenerant from 
the dedifferentiated leaf cell does not 
follow this pattern, since this protonema 
is globose and of few cells. The leafy 
shoot is like that of the sporeling or gem- 
maling. This disciform pattern of the 
protonema is known only in the genus 
Radula. 

IV — The Frullania type (Fig. À — 
IV ) is one of the best known since it has 
been discussed by many writers including 
Hofmeister (1851), Groenland (1854), 
Leitgeb (1875), Goebel (1889, 1930) 
and Chalaud (1932). In F. dilatata 
on germination of the spore a globose 
protonema of up to 50 or more cells is 
developed through divisions in three 
planes within the stretched exospore 
( Figs. 137-139). One or more rhizoids 
are usually present. The leafy stem 
develops from a superficial (?) cell at one 
end. The primary leaves are ovate to 
oblong ( Figs. 140, 141, A) and the juve- 
nile leaves are saccate and strongly in- 
flated ( Fig. 141, B) as in Radula and the 
Lejeuneaceae. The underleaves associat- 
ed with these latter leaves are narrowly 
ovate (Fig. 141, U) in contrast to the 
bifid form of the adult type. 

Whether true gemmae are produced in 
Frullania is open to question, although 
the one- to several-celled tubercula of 
the perianth surface in F. dilatata are 
sometimes referred to by this name. These 
nodular outgrowths are shed and give rise 
to leafy shoots or, if a detached perianth 
is kept under cultivation, new plants 
develop from the outgrowths im situ 
(Cavers, 1903; Corda, 1835; Kreh, 1909; 
Müller, . 1912-16; Warnstorf, 1903). 
Cavers has also described four- to six- 
celled ‘ gemmae ” which are discoid to 
irregular in outline on the margin of the 
leaf of this species. Degenkolbe (1938) 
has reported structures of a somewhat 
similar form in F. campanulata. An exa- 
mination of material of the latter species® 
revealed a large number of examples 


6. Verdoorn, F. Hep. Select. et Crit. No. 30, 


leaf; P, protonema; À, rhizoid; U, underleaf; W, the outer cover of the leaf cell). 
Fig. 137. A spore. 


Frullania. Figs. 137-141. F. dilatata. 
the globose protonema within the exospore. 
Figs. 142-144. F. asagrayana. 
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Fics. 137-150 — Frullania type (A, primary leaf; B, saccate-inflated juvenile leaf; Z, old 


Figs. 137-144. 
Figs. 138, 139. Stages of development of 


Fig. 140. A sporeling. Fig. 141. An older sporeling. 
Fig. 142. Two-celled stage in the regeneration of a leaf cell. x 400. 


Fig. 143. Later stages of regeneration. x 400. Fig. 144. A regenerant from a leaf cell. x 400. 
Figs. 145-149. Porella. Fig. 145. P. platyphylla, sporeling. Fig. 146. P. platyphylloidea, portion 
of a leaf with early stages in regeneration from leaf cells. X 400. Fig. 147. Older regenerant 
protonemata on the same leaf. x 400. Fig. 148. P. pinnata, three-celled stage in regeneration 
from a leaf cell. Fig. 149. Regenerant from a leaf cell. Fig. 150. Lepidolaena, a sporeling. 
Figs. 137-140, after Hofmeister, 1851; Figs. 141, 150, after Goebel, 1930; Figs. 142-144, from 
cultures of plants collected in Kentucky; Fig. 145, after Goebel, 1889; Figs. 146, 147, from cultures 


of material collected in Kentucky; Figs. 148, 149, after Fulford, 1944b. 


of regeneration from marginal cells of the 
leaf and from the surface of the perianth, 
but in no instance could four- to six- 
celled gemmae be found. Too, such pro- 
pagula have been reported for a number 
of other species ( Spruce, 1884-85; Degen- 
kolbe, 1938). 


Regenerants from single, dedifferentiat- 
ed cells of the leaves, underleaves and 
perianths are extremely common through- 
out the genus and have been described for 
numerous species ( Schostakowitsch, 1894; 
Kreh, 1909; Lorenz, 1912; Degenkolbe, 
1938; etc.). The pattern of development 
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appears to be the same whether the shoots 
occur on ordinary leaves, caducous leaves, 
or on specialized leaves of specialized 
branches, or on the perianths. In F. 
asagrayana ( Fulford, 1956b ), after a leaf 
cell has become dedifferentiated, a cross 
wall is formed in the bulging protoplast 
(Fig. 142). Further divisions in these 
cells produce a discoid plate of cells parallel 
to the surface of the leaf (Fig. 143). 
Perhaps it is this early stage in regene- 
ration which has been confused with 
and interpreted as a “‘ four- to six-celled 
gemmae ”. Additional growth and divi- 
sions occur and eventually the apical 
cell of the leafy shoot is cut out (Fig. 
143). This protonema which precedes 
the leafy shoot is made up of a smaller 
to larger number of cells irregularly 
arranged around the base of the shoot 
(Fig. 144, P). The primary leaves are 
ovate to oblong and the juvenile leaves 
are saccate-inflated as in the sporeling 
(Fig. 144, A and B). 

The sporeling of Lepidolaena claviger 
(Goebel, 1906, 1930) likewise includes 
a protonema of a large number of cells 
within the old exospore, with a leafy shoot 
at one end (Fig. 150). The primary 
leaves are ovate. No regenerants have 
been described. 

Sporelings of Porella were described by 
Goebel (1889 for P. platyphylla; 1930) 
and by Voth (1937, for P. navicularis ), 
In both species a large number of cells 
develop within the exospore to form the 
protonema, before the apical cell of the 
shoot becomes differentiated (Fig. 145, 
P). One or more rhizoids may be formed 
on this protonema. The primary leaves 
are ovate ( Fig. 145, A). Juvenile leaves 
were not seen. It is assumed that juve- 
nile leaves of the saccate-inflated type are 
characteristically a part of the pattern of 
the sporeling since Howe ( 1899) has des- 
cribed small saccate leaves of the juvenile 
type on branches showing reversions 
(P. navicularis ). vol 

No gemmae have been reported for this 
genus within recent years but earlier 
Goebel ( 1887, p. 148) had stated that in 
Porella simple cells become detached as 
gemmae from the leaf margins. Since 
this statement does not occur in Goebel’s 
later works it was probably in error. 
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Regenerants or at least their protonemal 
stages, developed from dedifferentiated 
cells of the leaf have been studied in 
several species. In P. pinnata ( Fulford, 
1944b ) a leaf cell becomes dedifferentiat- 
ed, the protoplast bulges and a cross wall 
is formed in the cell. By further division 
of these cells ( Fig. 148) a multicellular 
globose protonema is formed ( Fig. 149, 
P). These globose multicellular struc- 
tures are usually larger and more regular 
than in Frullania. Rhizoids are often 
present. The apical cell of the leafy stem 
is characteristically formed at the tip of 
this protonema. The primary leaves are 
ovate. No juvenile leaves were formed 
in our material since leaves and under- 
leaves of the adult form followed the 
primary leaves. 

The development of the protonema of 
the regenerant of P. platyphylla has been 
discussed and illustrated by Schostako- 
witsch ( 1894, fig. 26), Kreh (1909) and 
Vanden Berghen (1947). In addition, 
the development of the early stages of 
this protonema have been studied in 
detached leaves of P. platyphylloidea 
in culture (Figs. 146, 147). The pat- 
tern of development was the same for 
all species. 

Schiffner ( 1893, Pl. 6, fig. 2, 14; 1893-95, 
fig. 67) has described and _ illustrated 
multicellular “ brutkörper ” on the ven- 
tral surface of a leaf of P. -rotundifoha. 
Degenkolbe (1938) did not find these 
structures on Schiffner’s material and con- 
cluded that the spherical, thin-walled 
bodies filled with blue-green algae on some 
of the leaves had been mistaken for 
‘ brutkôrper ”” by Schiffner. In the light 
of what is now known of the pattern of 
development of the protonema of the 
regenerant of Porella the “ brutkörper ” 
of P. rotundifolia were no doubt very 
young regenerants from leaf cells. 

In summary, the pattern of develop- 
ment of the sporeling of the Frullanıa type 
includes a more or less globose protonema 
of many cells within the old exospore, 
with a leafy shoot bearing ovate to oblong 
primary leaves and saccate-inflated juve- 
nile leaves at one end. The development 
of regenerants follows the same pattern 
except that the protonema in the genus 
Frullania itself often consists of only a few 
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cells. This pattern occurs in at least 
three families of leafy liverworts. 

The remaining six patterns of sporeling 
development occur within the large tro- 
pical family, Lejeuneaceae. There are 
two widely differing forms of protonemata, 
the one globose to cyclindrical and remi- 
niscent of that of the Frullania type, and 
the other, unistratose and reminiscent of 
the Radula type. 


a. PROTONEMA GLOBOSE TO LONG 
CYLINDRICAL 


V — The Lopholejeunea type (Fig. B- 
V ) described by Fulford ( 1942a; 1954) 
is very similar to the Frullania type except 
that there are relatively few cells in the 
protonema of the sporeling. On germina- 
tion of the spore of L. sagraeana a few- 
celled protonema (Figs. 151-153) is 
formed within the exospore. The leafy 
shoot from this protonema bears ovate 
primary leaves, saccate-inflated juvenile 
leaves, and narrow, ovate underleaves 
( Figs. 152, 153). 

Sporelings of Archilejeunea auberiana 
are very similar ( Fulford, 1942c ), that is 
a few-celled protonema and a leafy shoot 
with narrowly ovate primary leaves ( Figs. 
154-157). The same pattern is repeated 
in the sporelings of Mastigolejeunea auri- 
culata ( Figs. 162-164) and Thysananthus 
amazonicus ( Fig. 168). No gemmae have 
been reported for these genera. 

The protonemata of regenerants of 
Archilejeunea were found on leaves in 
two tropical American species ( Fulford, 
1942c). After dedifferentiation of the 
leaf cell a globose to cylindrical, sometimes 
branched protonema is formed ( Figs. 
158-160). Unfortunately, the later stages 
were not found. 

The regenerants from dedifferentiated 
leaf cells of Mastigolejeunea auriculata 
( Fulford, 1942b ) differed in one impor- 
tant aspect, since a protonemal stage was 
not formed. The stem with primary 
leaves developed directly from the leaf 
cell ( Figs. 165-167). The primary leaves 
of both the sporeling and the regenerant 
are broadly ovate. 

In summary, the sporeling of the Lopho- 
lejeunea type consists of a globose mass 
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of a few cells within the stretched exo- 
spore and a leafy shoot with ovate primary 
leaves and saccate-inflated juvenile leaves; 
the regenerants are similar in that a small 
pile of cells, the protonema, arises from 
the dedifferentiated leaf cell and the leafy 
shoot grows from this protonema. (In 
Mastigolejeunea this protonema is not 
formed.) : 

VI — The Leucolejeunea type ( Fig. B- 
VI), first described by Fulford ( 1947), 
is characterized by an elongate, cylindrical 
protonema within the old, stretched exo- 
spore ( Figs. 169-172). Rhizoids usually 
occur at the base of the shoot on the stem 
( Figs. 171, 172, R). The primary leaves 
are ovate to oblong ( Figs. 171, 172, A) 
and the juvenile leaves are saccate- 
inflated (Fig. 172, B). Gemmae are 
not known in this genus. 

The regenerants from leaf cells in a way 
follow an essentially similar pattern. The 
dedifferentiated leaf cell bulges and a cross 
wall is formed ( Fig. 173). After only a 
few divisions, the apical cell of the shoot is 
cut out, so that the protonema is usually 
of only a few cells ( Fig. 147, D). 

The sporeling of Euosmolejeunea durius- 
cula follows the same pattern except that 
the cylindrical protonema appears to be 
of only three rows of cells (Fig. 176). 
Regeneration from leaf cells ( Fig. 177) 
follows the same pattern described in 
Leucolejeunea. 

Sporelings of Leptolejeunea (Fig. 178) 
and Cololejeunea” ( Figs. 179-181) have 
been included under this type with some 
hesitation, since the protonemata of both 
genera are slender, scarcely more than 
three rows of cells, and disciform multi- 
cellular gemmae are produced in both 
genera (see Schiffner, 1897; Degenkolbe, 
1938, for reports of gemmae in Leptolejeu- 
nea ). 

The disciform gemmae of Cololejeunea 
( Fig. 182) have been described in detail 
by Cavers ( 1903 ), Stevens ( 1910), Evans 
(1911) and others. They are produced 
on the surface of the leaf, sometimes in 


7. Kachroo (1951) has described the spore- 
ling of C. venusta as developing outside the 
exospore. In view of the fact that in all other 
Lejeuneaceae germination takes place within 
the exospore it would seem probable that these 
spores were in some way aberrant. | 
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Figs. 151-168 — Lopholejeunea type (A, primary leaf; B, juvenile leaf; O, perinium; 
P, protonema; U, underleaf). Figs. 151-153 — Lopholejeunea. Fig. 151. A portion of a sporeling 
showing the few-celled protonema. Fig. 152. A sporeling, dorsal view. Fig. 153. A sporeling, 
ventral view. Figs. 154-161 — Archilejeunea. Fig. 154. A spore. Fig. 155. A protonema. Fig. 156. 
A young sporeling with a protonema, a rhizoid, a primary leaf, A, and the perinium, ©. Fig. 157. 
Sporelings. Fig. 158. A bulging leaf cell in which regeneration has begun. Figs. 159-161. Proto- 
nemata formed through regeneration from leaf cells. Figs. 162-167 — Mastigolejeunea. Fig. 162. 
A spore. Fig. 163. Protonemata from spores. Fig. 164. A sporeling. Fig. 165. Early stages 
in regeneration from leaf cells. Fig. 166. A young regenerant with primary leaves, A; no 
protonema is formed in this species. Fig. 167. An older regenerant with primary leaves, 4. Fig. 
168 — Thysananthus amazonicus, a sporeling. X 300. Figs. 151-153, after Fulford, 1942a; Figs. 154- 
161, after Fulford, 1942c; Figs. 162-167, after Fulford, 1942b; Fig. 168 from dried material 
collected in Trinidad by E. G. Britton. 
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great numbers. The apical cell of the new 
leafy shoot is formed in a marginal cell 
of the mature gemma. The gemmaling, 
therefore, consists of the disciform gemma 
or protonema with a leafy shoot on its 
margin (Fig. 185). 

The regenerants of C. biddlecomiae ( ali 
very young), from dedifferentiated cells 
of the leaf ( Fig. 184) or the tip cell of the 
stylus of a leaf ( Fig. 183 ), follow the same 
pattern of development as those of Leuco- 
lejeunea and Euosmolejeunea. 

Certainly, these genera with long slen- 
der, cylindrical protonemata in the spore- 
ling and discoid protonemata ( gemmae ) 
in the gemmaling, need further study be- 
fore they can with certainty be assigned 
to the Leucolejeunea type or to a new type. 

In summary, the sporeling of the Leuco- 
lejeunea type consists of a cylindrical pro- 
tonema with a leafy shoot bearing ovate 
to oblong primary leaves and larger, 
saccate-inflated juvenile leaves; the gem- 
maling (when present) does not follow 
this pattern but consists of a multicellular 
disciform gemma (protonema) with a 
leafy shoot from a cell of the margin; the 
regenerant is like that of Radula, Frullania 
and the other Lejeuneaceae. 


b. PROTONEMA UNISTRATOSE 


VII — The Lejeunea type (Fig. B-VIT) 
which was first described by Goebel ( 1889; 
1898-1901; 1930 ) is a simple type in which 
after one or a few divisions of the spore, 
an apical cell with two cutting faces comes 
into being (Fig. 189, E). The further 
development of the narrow, ribbon-like 
protonema is formed through the seg- 
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mentation of this cell ( Figs. 186-189). 
At least a part of this thallus is covered 
by the stretched exospore. After a time 
the apical cell with two cutting faces be- 
comes transformed into one with three 
cutting faces and the leafy shoot is formed 
through the activities of this latter cell. 
Atypical early stages are frequent, parti- 
cularly the formation of a filament of a 
greater or lesser length ( Figs. 187, 190, 
191, +193 and 200). 

The protonemata of sporelings of L. 
flava (Figs. 190-194) showed the same 
variation in form (including a filament ) 
that is to be found in those species des- 
cribed by Goebel ( Figs. 186-188). 

This thallus-like protonema within the 
exospore is even more clearly delimited 
in T'axilejeunea sp. from Panama ( Figs. 
199-202). The spores had germinated 
among the female bracts, within the 
perianth, and on the valves of the opened 
capsule. The same range in form as in 
Lejeunea can be found but thalli two cells 
broad were by far the most abundant 
(Fig. 202). The apical cell with two 
cutting faces is clearly recognizable ( Fig. 
202 )\. 

On the whole, gemmae are absent in the 
genus Lejeunea. However, Goebel ( 1889 ) 
described a thallose protonema from the 
surface and marginal cells of the leaf of 
L. gracillima and Degenkolbe ( 1938) has 
cited two instances of the formation of 
thallose protonemata from marginal cells 
of the leaf of Lejeunea sp. He has des- 
cribed and illustrated similar protonemata 
in Taxilejeunea apiculata and T. thallo- 
phora (Fig. 203) from Malaysia. Such 
thalloid proliferations from leaf cells are 
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Fics. 169-185 -— Leucolejeunea type ( A, primary leaves; B, juvenile leaves; C, leaves tending 
toward the adult type; D, apical cell of the leafy axis; G, disciform gemma; P, protonema; 


R, rhizoid; S, stylus, U, underleaves ). 


Fig. 170. Stages in the development of the protonema. — 
Fig. 173. Early stages in the regeneration from leaf cells. t 
Fig. 175. A regenerant from a leaf cell. Figs. 176-177 — Euosmole- 


A sporeling. 
in regeneration from a leaf cell. 
jeunea duriuscula. 


Fig. 182. A gemma. x 400. 


Figs. 169-175 — Leucolejeunea clypeata. 


Fig. 176. Sporelings. x 400. i 
a leaf cell. x 400. Fig. 178 — Leptolejeunea, a sporeling. x 400. 


igs. -180. C. biddlecomiae, protonema from spores. 
rie 182 A Tig. 183. A regenerant from the tip of the filamentous stylus of a 


Fig. 169. Spores. 
Fig. 171. Young sporeling. Fig. 172. 
Tig. 174. A later stage 


Fig. 177. An early stage in regeneration from 
Figs. 179-185 — Cololejeunea. 
x 400. Fig. 181. A sporeling. x 400. 


leaf. x 400. Fig. 184. A regenerant from a leaf cell. x 400. Fig. 185 — C. tuberculata, a gemmaling. 
x 400. Figs. 169-175, after Fulford, 1947; Fig. 176, from dried material from Guiana; Figs. 177, 


183, 184, from material coll. in 
Fig. 178, from dried material collected in 


Florida and kept in culture with indole-3-acetic acid added; 
Guiana; Figs. 179-182, from dried materia] collected 


in Ohio; Fig. 185, from dried material collected in Florida. 
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Fics. 186-204 — Lejeunea type (A, primary leaf; E, apical cell of protonema; P, protonema; 
R, rhizoid). Figs. 186-198 — Lejeunea spp. Fig. 186. A spore. Fig. 187. An atypical young 
protonema. Fig. 188. A characteristic young protonema. Fig. 189. A characteristic narrow, 
unistratose protonema which has grown in part through segmentation of an apical cell with two 
cutting faces, E. Figs. 190, 191 —L. flava, atypical young protonemata. x 400. Fig. 192. The 
characteristic young protonemata. x 400. Fig. 193. A protonema in which a filament is followed 
by the characteristic ribbon-like protonema. X 400. Fig. 194. A characteristic protonema with 
a rhizoid, AR. x 400. Figs. 195-196. Stages in the regeneration from cells of the margin of a leaf. 
x 400. Fig. 197. Portion of a regenerant on a leat margin. x 400. Fig. 198. An older regene- 
rant from a leaf cell. x 400. Figs. 199-204 — Taxilejeunea. Figs. 199-202 — Taxilcjeunea sp. Fig. 
199. A spore. x 400. Fig. 200. Atypical young protonemata. x 400. Fig. 201. Young proto- 
nemata of characteristic form. x 400. Fig. 202. Rıbbon-like protonemata grown by an apical cell, 
I, with two cutting faces. x 400. Fig. 203 — T. thaliophora, a thallus formed from a marginal cell 
of a leaf. Figs. 204, 204A —T, obtusangulata, regenerants from marginal cells of a leaf. x 400. 
Figs. 186-189, after Goebel, 1930; Figs. 190-194, from dried material from Costa Rico; Figs. 195-198, 


204, 204A, from material collected in Florida; Figs. 199-202, from dried material from Panama; 
Fig. 203, after Degenkolbe, 1938. 
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frequent in Prionolejeunea, Crossotolejeu- 
nea, Microlejeunea, etc., but since spore- 
lings have not been observed in these 
latter genera any generalization concern- 
ing such protonemata from leaf cells and 
the Lejeunea type of sporeling develop- 
ment would be presumptuous at this time. 
Actually, whether such outgrowths are 
to be regarded as gemmae is open to 
question, but they would seem to be 
analogous or homologous to the gemmae 
of Radula. If the protonemata of limited 
growth ( gemmae) on the leaf margin of 
Radula are actually gemmae, ‘then the 
similar structures but of unlimited growth 
in Taxilejeunea might also be considered 
to be gemmae. 

The pattern of regeneration is similar 
to that of Radula, Frullania, and the other 
Lejeuneaceae. It has been observed in 
many species of Lejeunea ( Figs. 195, 196 
in L. flava) and in T. obtusangulata 
(Fig. 204). 

In summary, the sporeling of the 
Lejeunea type consists of a filamentous 
protonema, usually two cells wide, which 
grows by an apical cell with two cutting 
faces, which eventually bears a leafy shoot 
with ovate primary leaves and saccate- 
inflated juvenile leaves, at its tip; the 
gemmaling (?) consists of a narrow, 
thalloid protonema, the gemma (?), and a 
leafy shoot bearing primary and juvenile 
leaves and is, therefore, similar to the 
sporeling; the regenerant consists of a few- 
celled globose protonema and a leafy shoot 
and is, therefore, different from the spore- 
_ ling although it is similar in development 
to the regenerants of Radula, Frullania 
and the other Lejeuneaceae. | 

VIII — The Stictolejeunea type (Fig. 
B-VIIT) first described by Fulford ( 1942a, 
1954) is another simple unistratose type. 
The protonema differs from that of Lejeu- 
nea in that it does not grow by means of 
an apical cell, it is small 2 cells by 4 cells 
within the stretched exospore, and is of 
limited growth. The leafy axis.develops 
through the activities of an apical cell with 
three cutting faces which forms in an end 
cell of the protonema. While there may 
be some variation in the number of cells 
of this protonema through a failure of 
some cell divisions or through the forma- 
tion of occasional additional cells, the 
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majority of sporelings have a protonema 
of 8 cells. The primary leaves are ovate 
( Figs. 209-211, A ), and the juvenile leaves 
are large, saccate-inflated (Fig. 211, B). 

Sporelings of Symbiezidium are also of 
this type (Figs. 212, 213). The plant 
shown in Fig. 213 has a characteristic 
protonema, a pair of primary leaves, a 
pair of saccate-inflated juvenile leaves and 
leaves and underleaves which tend to 
approach the adult form. 

The same pattern is characteristic of 
several species of Dicranolejeunea ( Figs. 
214-217). The protonema of 8 cells is 
well defined and the stem with primary 
and juvenile leaves has developed at one 
end. 

No gemmae have been reported for 
Stictolejeunea or Dicranolejeunea. How- 
ever, Pearson (1931) has reported gem- 
mae on the antical side of the leaf of 
Platylejeunea vincentina | = S. subrotun- 
dum |. He gave no details of development 
other than to say that the gemmae deve- 
loped into minute male stems. I have not 
seen similar structures. 

Regeneration has not been reported 
for these genera, although it may be 
that Pearson was actually reporting a case 
of regeneration rather than gemmae. 

In summary, the sporeling of the 
Stictolejeunea type is a simple thalloid 
protonema of 2 cells by 4 cells within 
the stretched exospore, with the leafy 
shoot developed from an end cell. There 
are no detailed accounts of gemmaling 
development or of regeneration. 

IX — The Ceratolejeunea type ( Fig. B- 
IX ), first described by Goebel ( 1889, as 
Lejeunea ) and later by Fulford ( 1942a, 
1944a, 1954) is also a narrow, unistratose, 
thallus type. It differs from the Lejeunea 
and Séictolejeunea types in that the proto- 
nema is two-fold and is made up of two 
distinct thalloid stages: a thallus 2 cells 
broad by 4 cells long, which develops 
within the old stretched exospore ( Figs. 
221-223, P,) as in Stictolejeunea; and a 
broader, secondary thallus 4 cells broad 
and of variable length ( Figs. 221-223, P, ), 
which develops through the activities of 
an apical cell with two cutting faces ( Fig. 
221, E), which is reminiscent of the proto- 
nema of Lejeunea. The growth of the 
secondary thallus continues for a shorter 
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or longer time, but eventually gives rise at 
the growing point to the apical cell with 
three cutting faces by which the leafy stem 
is formed. The primary leaves are ovate 
(Figs. 222, 223, A) and the juvenile leaves 
are large, saccate-inflated (Fig. 223, B). 

Gemmae have been reported for this 
genus by Degenkolbe but without detail 
of structure other than that they are 
thalloid. I have seen no examples. 

Regeneration from individual dediffren- 
tiated cells of the adult leaves and under- 
leaves is common ( Evans, 1905; Fulford, 
1944a). The pattern of development 
(Figs. 224-226) is similar to that of 
Radula, Frullania and the rest of the 
Lejeuneaceae, and thus quite different 
from that of the sporeling. 

This same type of sporeling apparently 
occurs in Leptocolea, although there is only 
a suggestion of a secondary protonema in 
the plant of Fig. 234 at P,. Multicellular, 
disciform gemmae have been described 
by Goebel ( 1888, as Lejeunea ), Stevens 
(1910), Evans (1911), Degenkolbe 
( 1938) and others. They arise from leaf 
cells and are superficial in position. The 
gemmaling ( Figs. 235, 236) consists of a 
disciform gemma (the protonema ) and a 
leafy shoot developed from a marginal ceil, 
so that the pattern is different from that 
of the sporeling. Regeneration has not 
been studied in this genus. 

_ Sporelings of Colura have been des- 
cribed and figured by Goebel ( 1891, in 
C. ornata) and by Jovet-Ast (1953, in 
C. saccophylla )®. The sporelings of C. 


8. Another, C. lyvata has a sporeling proto- 
nema like that of Frullania or Lopholejeunea 
(yiovet-Ast, 1953, fig. 10,3, 4). 
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ornata were by far the best developed, but 
even in these the secondary protonemata 
were not well formed ( Figs. 228-230, P, ), 
yet there is little doubt of their presence. 
The leafy stem at the tip of this secondary 
protonema bears ovate primary leaves 
( Fig. 230, A). The juvenile leaves are 
saccate-inflated with a vertical wing 
( Fig. 231, W), and are much different 
from those of the adult form (Fig. 232). 

Disciform gemmae are abundantly pro- 
duced on the surface of the leaf in Colura. 
The gemmalings themselves have been 
described by Jovet-Ast ( 1953 ) in several 
species. Each consists of a disciform 
protonema (the gemma), with a leafy 
shoot developed from a marginal cell 
(Fig. 233). The primary leaves are 
ovate and the leaves which follow have 
extremely large water sacs but are not 
quite like the juvenile leaf of C. ornata 
(see Jovet-Ast, 1953, Fig. 11). Re 
generants have not been reported in 
this genus. 

In summary, the sporeling of the 
Ceratolejeunea type is a two-fold uni- 
stratose protonema — a primary thallus, 
2 cells by 4 cells within the stretched 
exospore, and a secondary thallus 4 
cells broad and of indefinite length 
which grows by an apical cell with 
two cutting faces, which bears a leafy 
shoot at its tip; the gemmaling ( where 
known) consists of a discoid pro- 
tonema (the gemma) and a marginal 
leafy shoot, and is thus of a different 
pattern than the sporeling; the regene- 
rants are similar to those of the other 
Lejeuneaceae and different from the 
sporelings. 
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Fics. 205-218 — Stictolejeunea type (A, primary leaf; B, juvenile leaves; C, adult type leaf; 


D, the beginning of the apical cell of the shoot; oO} perinium ; P, protonema; R, rhizoid; U, under- 
leaves). Figs. 205-211 — Stictolejeunea. Figs. 205-207. Unistratose, 8-celled protonema within the 
exospore. Fig. 208. An atypical protonema. Figs. 209, 210. Sporelings with the flat protonema. Fig. 
211. Portion of a sporeling; note the incomplete protonema P. Figs. 212, 213—Symbiezidium subrotun- 
dum. Fig. 212. Sporeling protonema showing the attachment of the leafy plant. x 400. Fig. 213. A 
sporeling. x 300. Figs. 214-218 — Dicranolejeunea. Figs. 214-216. D. maxicana. Figs. 214, 215. 
Protonemata from spores. x 400. Fig. 216. Sporelings, with protonemata and leafy shoots with 
primary leaves. x 400. Figs. 217, 218 — D. axillaris. Fig. 217. A sporeling with primary leaves 
A. x 400. Fig. 218. A sporeling, the protonema disintegrated, with primary leaves, 4, and juvenile 
leaves, B. x200. Figs. 205-211, after Fulford, 1942a; Figs. 212, 213, from dried plants collected in 
Costa Rico; Figs. 214-216, from dried plants collected in Brazil; Figs. 217, 218, from dried plants 


collected in South America. 
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c. PROTONEMA BOTH GLOBOSE AND 
UNISTRATOSE 


X — Finally, the unnamed type ( Fig. 
B-X ) which belongs to some member of 
the Lejeuneaceae (Fulford, 1954) also 
has a twofold protonema. It consists 
of a globose multicellular primary proto- 
nema within the stretched exospore ( Fig. 
B-X at P,) and a unistratose ribbon-like 
secondary protonema which grows by 
an apical cell with two cutting faces 
(Fig. B-X at P,). The leafy shoot dev- 
elops at the end of this thallus. The 
primary leaves are oblong. Later stages 
were not seen. 

This sporeling is of special interest be- 
cause in it are combined characteristics 
of sporelings from the two major types 
within the Lejeuneaceae. The protonema 
within the stretched exospore is remini- 
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scent of the Lopholejeunea sporeling (or 
even that of Frullania) even to the 
characteristic markings of the spore coat. 
The thalloid secondary protonema, that 
is, the unistratose ribbon-like thallus which 
grows by an apical cell with two cutting 
faces, is characteristic of the protonema of 
Lejeunea or of the secondary protonema 
of Ceratolejeunea. 

Such a combination of diverse characters 
in one sporeling stimulates speculation as 
to the genetical or phylogenetic origin of 
such a type. Only after its identity has 
been ascertained can further studies be 
carried out. 


Summary 
The patterns of development of the 


young stages of the leafy Hepaticae may 
be summarized as shown in Table 1. 


TABLE 1 


SPORELING 
PROTONEMA 


REGENERANT 
PROTONEMA 


GEMMALING 
PROTONEMA 


A — Protonema developed outside the exospore; primary leaves a row of cells; juvenile leaves 
bifid. The sporeling, gemmaling and regenerant similar. 


(a) Protonema filamentous 
I. Cephalozia type Filament- n. plant 
Cephalozia en es 
Nowellia a er 
Blepharostoma 4 


(b) Protonema more or less globose, multicellular 
Mass of cells—n. plant Mass of cells—n. plant Mass of cells - n. plant 
? r 


II. Nardia type 


Nardia a 5 
Plectocolea > i 
Anastrophyllum 2 oe 
Mass of cells - n. plant 
Lophozia a Fe 
Isopaches IN À 
Calypogeia 5 53 
Ptilidium AR N 
Scapania = ne 


Filament- n. plant Filament- n. plant 


” ” 25 ») 
” ” ») ” 


” 59 >) DE 


” »» 


” ” 


? ? 


Mass of cells - n. plant Mass of cells-n. Plant 
? ? 
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Fics. 219-236 — Ceratolejeunea type [ A, primary leaf; B, juvenile leaf; C, lamina; E, apical 


cell with two cutting faces; G, gemma ( protonema ); L, old leaf; P, Py, P,, protonema; U, under- 
leaf]. Figs. 219-226 — Ceratolejeunea. Fig. 219. Spores. Fig. 220. Early divisions within a spore. 
Fig. 221. Stages in the development of the complex, unistratose protonema; note P,, the 8-celled 
protonema within the exospore; and P,, the secondary protonema developed through the activities 
of an apical cell with 2 cutting faces, E. Fig. 222. Young sporelings. Fig. 223. A sporeling. 
Fig. 224. An early stage in regeneration from a leaf cell. Fig. 225. The basal part of a regenerant 
from a leaf cell; the protonema, P, is unlike that of the sporeling. Fig. 226. A regenerant. Figs. 
227-233 — Colura, C. ornata. Fig. 227. The protonema within the exospore. Figs. 228, 229. More 
advanced protonemata. Fig. 230. A sporeling. Fig. 231. Inflated juvenile leaf with a vertical 
wing, W. Fig. 232. A young leaf of the adult type. Fig. 233 — C. acuitfolia, a young gemmaling. 
Figs. 234-236 — Leptocolea. Fig. 234. A sporeling. x 400. Fig. 235. A gemma. x 180. Fig. 236. 
A gemmaling. x 180. Figs. 219-226, after Fulford, 1944a; Figs. 227-232, after Goebel, 1891; 
Fig. 233, after Jovet-Ast, 1953; Figs. 234-235, from dried material collected in Honduras. 
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TABLE 1—Contd. 


SPORELING 


PROTONEMA 
Cephaloziella 5 » 
Lophocolea » ” 


Chiloscyphus ; 


» »» ” a »» LA 
(protonemata of the last two are easily modified to a filamentous form ) 


REGENERANT 
PROTONEMA 


GEMMALING 
PROTONEMA 


” ” ” ” 


LE ” ” ” 


B — Protonema developed within the stretched exospore; primary leaves ovate to oblong, juvenile 


leaves large, saccate-inflated, 
(a) Protonema globose to long cylindrical 
IV. Frullania type Globose — n. plant 
(many cells) 
Frullania 
Lepidolaena 
Porella “a m 
V. Lopholejeunea type Globose —n. plant 
( few cells ) 


” ” 


” ” 


Lopholejeunea 
Archilejeunea 
Thysananthus 
Mastigolejeunea 


” »» 


” ” 


” ” 


VI. Leucolejeunea type Cylindrical —n. plant 
Leucolejeunea 7 = 
Euosmolejeunea PA i 
Leptolejeunea & 
Cololejeunea RA = 


(b) Protonema unistratose 
III. Radula type 

Radula 

Lejeunea type 


Disciform — n. plant 
ARE Strap-shaped by apical 
cell of 2 cutting faces — 
n. plant 
Lejeunea 
Taxilejeunea 
VIII. Stictolejeunea type 
Stictolejeunea 
Symbiezidium 
Dicranolejeunea % es 
Ceratolejeunea type 2 by 4 celled-thallus + 
thallus by apical cell — 
n. plant 


” ” 


2 by 4 cells - n. plant 


” »» 


IX. 


Ceratolejeunea 
Leptocolea 
Colura 


” »» 


” ” 


(Some exceptions ) 


Pile of cells — n. plant 


” LE 


( Absent ) a 
? Ge 
Disciform — n. plant u if 
Disciform —n. plant 
Thalloid by apical cell? Fr er 


” ” ” ” 


( ?thallus ) 
Disciform — n. plant 


” », 


(c) Protonema a globose mass and a unistratose thallus growing by an apical cell with 2 cutting faces 


X. Un-named type 
( Lejeuneaceae ) by an apical cell - 


n. plant 


Globose+-strap-shaped 


Postscript — The occurrence of at least 
ten patterns of sporeling development 
among the leafy Hepaticae brings to mind 
many pertinent questions of a theoretical 
nature. While a discussion of the latter does 
not correctly belong within the limits of 
this résumé, the possible implications from 
the facts presented therein must not be 
overlooked. They include the following: 

1. Are the various types of protonemata 
reminiscent of the probable ancestral algal 
types ? 


2. Can these sporeling patterns be 
arranged to give a picture of phylogeny 
within the group? 

3. What is the significance of the occur- 
rence of two basic types of spore germina- 
tion: (a) one in which the exospore is rup- 
tured in the early stage of germination and 
remains at the base of the protonema; and 
(b) one in which the exospore does not 
rupture but is stretched to many times its 
original size thus covering all or a large 
part of the protonema ? 


| 


Is this an indi- — 
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cation of a polyphyletic origin of the 
leafy Hepaticae ? 

4. Is the fact that the genera in which 
the exospore is ruptured, occupy for the 
most part, the temperate areas, and those 
in which the exospore is stretched occupy 
the tropical areas of the earth, of signi- 
ficance in considering the age, origin, and 
relationships of the group? 

5. Does the similarity between the 
sporeling of Radula and the Lejeuneaceae 
with unistratose protonemata, or the 
similarity between the sporeling of Frulla- 
na and those Lejeuneaceae with’ globose 
protonemata, indicate a close relationship 
between these groups ? 

6. Does the occurrence of two funda- 
mentally different lines of development 
of the protonemata in the family Lejeu- 
neaceae indicate that at least two evolu- 
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tionary lines are involved in this so-called 
family ? 

7. Finally, do the patterns serve to point 
to the relationship between the leafy and 
thallose Hepaticae on the one hand, and to 
the algae or the pteridophytes on the other? 

Only by the accumulation of many new 
facts based on additional research and 
study can the solution of such problems 
be hoped for. 

I wish to express my appreciation to 
the Lloyd Library of Cincinnati and to 
its Librarian, Corrine Miller Simons, for 
help with the literature and the loan of 
books; and to those who have collected 
the material used in some of the culture 
studies. Dr J. Hobart Hoskins of the 
Botany Department has kindly read the 
manuscript and Miss Jane Taylor has 
assisted in its final preparation. 
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Introduction 


Injury to the leaf and stem tissues of 
arborvitae (Thuja occidentalis ‘ nigra’) 
has occurred frequently as a result of tem- 
perature changes in the late winter and 
early spring months. Much of the evi- 
dence of the cause of this injury has been 
inconclusive and much of the observation 
has been superficial but on some plants 
it has been attributed to extreme tem- 
_peratures ( high and low ) and desiccation 
of the tissue ( Potter, 1936; Allen & Asai, 
1943; and Wilner, 1952). 

Considering the possibility of water 
loss being an indirect cause of the injury 
an experiment was designed to compare 
anatomically, effects of extreme tempera- 
tures to the leaves of Thuja occidentalis 
‘nigra’ held in both, a dry and a wet 
environment with those which were in- 
jured while growing naturally in the field. 


Materials and Methods 


Eighty-four samples, 7 cm in length, 
were cut from the apex of stems of nursery 
grown plants at Lansing, Michigan, on 
April 10, 1954. One-half of the material 
was stored in tap water and the other 
half was stored in air in which temperature 


variations, as indicated in Table 1, were 
obtained by use of thermostatically con- 
trolled temperature chambers. 


TABLE 1 — SCHEDULE OF PROCEDURE 


(4 pieces per treatment ) 


TREATMENT LENGTH OF TIME IN MINUTES 
STEM — a — 
PIECES 15 30 60 120 
(Actual temperature in degrees F) 
No water 140-0 140-0 140-0 140-0 
In water 105-0 110-0 125-6 136-4 
No water 104-0 104-0 104-0 104-0 
In water 86:0 95-0 100-4 107-6 
No water 46-4 32-0 14:0 10-4 
In water 50-0 44-0 41:0 — 


Immediately after treatment most of 
the plant material was killed in formalin- 
acetic-alcohol, dehydrated using tertiary- 
butyl alcohol series, embedded in paraffin, 
sectioned at a thickness of 8 micra, stained 
with safranin and anilin blue, and examin- 
ed. Microchemical tests for tannin mate- 
rials were made using 10 per cent aqueous 
ferric chloride and sodium carbonate on 
fresh samples. 


* Journal article 1692 from the Michigan Agricultural Experiment Station. 
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Observations 


UNINJURED LEAVES — Individual heal- 
thy leaves were protected by a heavy, 
somewhat scalloped, cuticular covering on 
the abaxial surface. Many deposits of 
unidentified materials appeared to be 
buried in the cuticle which was approxi- 
mately the depth of the subtending 
epidermis. 

The epidermis of the leaf ( Fig. 1) con- 
sisted of a single row of cells, with spine- 
like projections on the abaxial surface. 
The cellulose walls of the epidermis were 
thick, with conspicuous cytoplasm and 
nuclei. The sunken stomata on the 
abaxial surface ( Fig. 1) were protected 
by subsidiary cells which arched over the 
guard cells. A portion of the guard cell 
walls were lignified and partly cellulosic. 
Adjacent to this epidermis was a single or 
double-layered hypodermis composed of 
collenchyma cells which were irregular 
in size and arrangement. The cytoplasm 
was dense with large prominent nuclei, 
Conspicuous deposits of tannin were 
common in this tissue. 

The vein of the leaf was surrounded 
by a layer of somewhat irregular, heavy- 
walled endodermal cells. Irregularly 
shaped parenchyma and tracheid cells 
surrounded the adaxial xylem and abaxial 
phloem. The cuticle on this surface was 
extremely thin except over the subsidiary 
cells where heavier deposits were found. 
Elongated epithelial cells lined the one 
or more resin ducts which were present on 
the abaxial surface of mature leaves. 

Low TEMPERATURE INJURY — In leaf 
and stem parts which had been artificially 
frozen in air, the cuticle, epidermis and 
hypodermis were similar to those of normal 
tissues, but with a splitting of the paren- 
chyma cells in the leaf mesophyll. Al- 
though some plasmolysis occurred, the 
principal change was a separation of the 
cell walls of many cells, in both leaves and 
stem. In the stem, extensive rupturing 
occurred at the union of pith and primary 
xylem, in some cases following the xylem 
ray toward the periphery of the stem. 
Xylem cells were somewhat separated. 

NATURALLY OCCURRING INJURY — 
Parts of the plant exposed to south-west 
winds in February and March 1954 at 
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Lansing, Michigan, became reddish olive 
green near the apices of the branches. 
This condition (autumn color) was diffi- 
cult to distinguish from that commonly 
termed winter injury, because the color 
was believed to be a naturally occurring 
phenomenon. 

The most conspicuous discernible modi- 
fication within the leaf was the heavy 
deposition of tannin in the abaxial epi- 
dermal cells. A few cells were somewhat 
plasmolysed. Lumen of epidermal and 
hypodermal cells were packed with tannin- 
like deposits. These cells were shrunken, 
leaving large intercellular spaces. 

Palisade-like cells were found to be 
shrunken in different patterns. In gene- 
ral, the walls of the longest dimension be- 
came concave, accompanied by a shrinkage 
of the protoplasm. Intercellular spaces 
were prevalent and relatively large. Cells 
of mesophyll were irregularly arranged 
with varying conditions of protoplas- 
mic shrinkage becoming so conspicuous 
that often the cytoplasm appeared to be 
almost completely absent. The phloem 
elements of the vascular strand were 
irregular in shape and condition. The 
cytoplasm was extremely dense, and some 
cells appeared physiologically inactive. 

The xylem cells seemed to be little 
affected. The transfusion tissue surround- 
ing the vascular strand was collapsed, 
giving the appearance of radial stretching. 
Slight modifications of the endodermal 
cells were wrought by shrinkages of the 
cytoplasm and the cell walls, to a lesser 
extent. 

The adaxial epidermal cells appeared 
to be functional, but with minor deposi- 
tions of the tannin materials. The cells 
were somewhat flattened. No rupturing 
of cell walls was observed in any of the 
preparations. The cuticle remained thick, 
and unchanged. 

HIGH TEMPERATURE INJURY — Arti- 
ficially induced desiccation at 140°F in 
the laboratory severely altered the cellular 
anatomy of the leaf and stem of Thuja 
occidentalis ‘nigra’ (Fig. 2). The ab- 
axial epidermal cells became globose and 
served as depositories for tannin subs- 
tances. The hypodermal cell lumens were 
packed with tannin deposits ( determined — 
by microchemical tests ). | 


Fies. 1, 2—Thwja occidentalis (a, sunken stomata; b, epidermis; c, cuticle; d, hypodermis; 


e, vein; f, mesophyll). Fig. 1. 


T.s. of the leaf of Thuja occidentalis ‘nigra’. 


= 1500 es 


T.s. of a leaf and stem portion of Thuja occidentalis ‘nigra’ showing injury from dehydration 


at 140°F in an oven. x 171. 


Misshapen mesophyll was irregular, 
often contained tannin materials and 
plasmolysed to various degrees. Some 
cells appeared almost globose. Paren- 
chyma cells of the phloem as well as 
the xylem rays were partly shrunken, 
and often depositories for the tannin 
substances. In all cases injury was in- 
tensified in material which was subjected 
to high or low temperatures stored with- 


out water, 


Discussion 


Winter injury has been recognized as 
one of the chief problems of growing orna- 
mental plants by Allen & Asai (1943) 
and Moore ( 1942). It has been suggested 
by Pirone (1950) that most damage has 
been caused by excessive and rapid tem- 
perature fluctuations. 

In the nursery, temperatures of the air 
adjacent to the plant during the period 
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of the experiment fluctuated from a low 
of 0°F to a high of 65°F. Soil tempera- 
tures during this same period fluctuated 
from 20°F at a depth of 24 inches. Only 
on 4 days during the month was the mean 
temperature of the soil above 32°F as 
compared to 23 days in which the air 
temperatures were above freezing. 

Wilner ( 1952) has shown that desicca- 
tion and winter injury occurred primarily 
during periods in which the temperature 
was above 41°F. Leaves are more com- 
monly injured than other parts of the plant 
after it has past the juvenile stage although 
most studies using conifers have been 
confined to the use of seedlings according 
to Shirley ( 1936). 

The reddish green colour changes of 
Thuja occidentalis ‘nigra’ may be due to 
the depositions of tannin materials in the 
parenchyma cells of the leaves. This 
coloration becomes prominent especially 
in the late winter and early spring. 
Simonds ( 1942 ) reported marked deposi- 
tions of tannin in all living cells of 
Rubus. 

Microscopic variations in the type of 
injury presented showed shrinkage and 
deposition of tannin materials as a result 
of high temperature a finding which is 
substantiated by the work of Parker 
(1952) and Simonds ( 1942). 
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The dehydration of leaves on unprotect- 
ed plants has seemed to be attributable 
to high, rather than low temperature. 
The distinguishing characteristics of the 
injuries resulting from a range of tempera- 
tures were that (a) at high temperatures, 
even for short periods, desiccation of the 
tissues resulted in a shrinkage of the cells of 
the epidermis, mesophyll and transfusion 
tissues; and (b) at low temperatures, rup- 
turing and separating of the cells occurred, 
particularly those of parenchyma. 


Summary 


Stem samples were collected from rando- 
mized locations in the field. Permanent 
microscopic preparations were made of 
stem pieces from apparently uninjured 
stems, as well as those stored dry, or in 
tap water subjected to, varying lengths of 
time and temperatures. 

A complete description is made of the 
anatomy of an uninjured leaf. Observa- 
tions showed that freezing often resulted 
in the rupture and separation of the cell 
walls while high temperatures caused 
atrophy of the epidermal endodermal and 
parenchyma cells accompanied by tannin 
depositions. Injuries of naturally injured 
plants were similar to those produced 
artificially by high temperatures. 
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The genus Plagiogyria, consisting of 
25-30 species, has been one of the problem 
groups of ferns. It was assigned to a 
section of Lomaria on the basis of external 
habit first by Kunze ( 1849 ) and later by 
Hooker & Baker (1868). For a short 
period it was in the Cyatheaceae on the 
authority of Mettenius (1858). Christ 
(1897) placed it in the Pterideae, and 
Diels (1902) in the Pterideae-Cheilan- 
thinae. Bower (1910) attacked the 
problem of its peculiar combination of 
characters, and later ( 1926) established 
the family Plagiogyriaceae to accommo- 
date the isolated genus Plagiogyria. It 
has remained in that family for nearly 30 
years by common consent. 

The present account is based on cultures 
of two species: P. glauca ( Bl.) Mett. and 

_P. semicordata (Pr.) Christ. The only 

description which has been given of the 
gametophyte is a short account by Bower 
(1910) of P. semicordata, based on cul- 
tures which he did not consider altogether 
satisfactory. The spores of P. glauca were 
collected by the senior author in Java in 
July 1937 and planted immediately on 
peat; the cultures were brought to this 
country a few months later. The spores 
of P. semicordata were collected for the 
senior author while in Jamaica, by George 
R. Proctor, and sent by air mail to 
Amherst where they were promptly plant- 
ed in August 1954 on several media: dis- 
tilled water, agar, porous clay crock’ over 
peat, and peat. Considerable difficulty 
was encountered with contamination from 
blue green algae even after washing the 
fronds vigorously, at the time they were 
collected, with a dilute solution of copper 
sulphate. 


Observations 


The spores of Plagiogyria are tetra- 
hedral with conspicuous tripartite ridges. 
Those of P. glauca are a yellowish brown 
in color and have a slightly roughened 
surface (Fig. 1); they average 50 u in 
diameter. Those of P. semicordata are a 
yellowish tan in color and have curious 
red tubercles particularly abundant on 
that surface which is outermost in the 
tetrad ( Fig. 16a, b); the spores average 
43 u in diameter. Bower mentioned 
these tubercles as becoming detached 
during germination. Although they do 
rub off, we found them conspicuous on the 
spore coats of young prothalli ( Figs. 
21-26). They assured us of the purity 
of our cultures. 

Germination of the spores of P. glauca 
was extraordinarily slow. The cultures 
were examined at irregular intervals after 
planting in July but they showed no signs 
of germination for weeks or even months, 
although the spores remained plump, 
apparently healthy, and appeared ready 
to germinate at any moment. The first 
green was detected on peat in February 
1938, 7 months after planting. The pro- 
thalli from the green areas examined at 
that time had already passed through the 
earliest stages. By March and April, 
germination was more abundant, and it 
became evident that there was «a great 
difference in rate of germination and de- 
velopment. It was now possible to pick 
out small prothalli showing developmental 
stages ( Figs. 2-9). 

Irregularity in germination was shown 
also in P. semicordata. Some of the spores, 
especially those on agar, germinated 
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rather rapidly for this genus: in 35-37 
days after planting, young prothalli could 
be found which had 6-9 prothallial cells 
and 1-2 rhizoids ( Fig. 19). This, how- 
ever, is slow for many ferns. The sur- 
prising thing was to find prothalli at 
exactly the same stage of development in 
cultures a year old ( Figs. 21, 26). This 


would indicate very slow growth or belat- 
ed germination, or both. Some of these 
young prothalli were growing on clay 
crock on which a layer of green algae had 
developed, yet looked perfectly healthy, 
with abundant chloroplasts in ‘all cells 
In a few speci- 


including the basal cell. 


o> 


so. 
& 

0° Og 
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Fics. 16-29 — P. semicordata. 
Thallus, 37 days on agar. 
Four months. Fig. 21. One year. 


. Fig. 24. Thallus, one year on crock over peat. 
ie D Fi : Fig. 28. Thallus with apical cell, 5 months. 


ear. Fig. 27. Five months. 
Een. 94 months. Fig. 16. x 300. Fig. 17. x 225: 
Figs. 25, 28. x 110. Fig. 29. x 75. 


Development of gametophyte. 
Fig. 18. Thallus, 45 days. 
Fig. 22. Thallus, 83 months on peat. 
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mens there were chloroplasts in the first 
rhizoid. For the next six months the 
cultures were maintained but not dis- 
turbed. In February 1956, a year and a 
half after sowing, a culture on crock over 
peat which had previously appeared to 
contain only 2-3 large, sturdy individuals 
was found to contain many small cordate 
thalli, each bearing antheridia abundant- 
ly. Since one of the large specimens had 
begun to proliferate, it was thought that 
the young ones were regenerated prothalli. 
On the contrary, examination showed a 
spore coat at the basal end of each and 
the majority of specimens came off the 


Fig. 16a, b. Spore. 
Fig. 19. Thallus, 35 days on agar. 
Fig. 23. Thallus, 53 
Fig. 26. One 
Fig. 29. Thallus with apical 
Figs. 18-20, 22-24, 26,27. x 180. Fig.21. x 7s 


Fig. 17. 
Hise 220% 


Fig. 25. Thallus, 83 months. 
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substratum with pieces of sporangia 
among the rhizoids or were actually grow- 
ing out of sporangia ( Fig. 30). At the 
time of writing, May 1956, one year and 
nine months after sowing, another culture 
shows a similar growth of young, cordate, 
antheridial thalli. This would suggest 
that spores within the sporangium on a 
wet substratum can maintain their viabil- 
ity for long periods of time. This is in 
contrast to a rapid loss of vitality when 
kept under ordinary storage conditions, or 
even under refrigeration which usually 
prolongs the period of viability in most 
ferns. 

On germination Plagiogyria develops 
first a filament, which is usually short and 
then broadens into a plate ( Figs. 2-9, 
17-21, 24, 25). The first longitudinal 
divisions are usually in the terminal cell 
of the filament ( Figs. 4, 5, 8) but may 
occur farther back ( Figs. 7, 19, 26). The 
cells themselves are usually short even 
when the filament consists of 6-10 cells 
( Figs. 6, 22); one of the few exceptions 
in our cultures is shown in Fig. 23. 

An apical cell may appear early ( Fig. 
10 ), or it may be belated, or the stage may 
be omitted altogether. After a period of 
activity the apical cell ( Figs. 12, 28, 29 ) 
is replaced by a group of initials ( Fig. 13 ), 
and shortly afterwards the cushion begins 
to form. In our material it was charac- 
teristic for the young plate stages to be 
elongated or to have elongated bases 
( Figs. 11, 12, 15, 28-30, 33). It is prob- 
able that this elongation is the result of 
competition with algae rather than the 
expression of an inherent character. 

At maturity ( Figs. 15, 31-33 ) the form 
in both species is similar to that of the 
Osmundaceae; the thallus is elongate- 
cordate, but in Plagiogyria the base is 
regularly longer than in the Osmunda- 
ceae (Stokey & Atkinson, 1956). The 
thallus is usually flat without any ruffling 
of the wings, such as is foundin some primi- 
tive families, e.g. the Gleicheniaceae 
( Stokey, 1950). Among mature prothalli 
there seem to be two positions taken by 
the wings in relation to the sinus: either 
they stand away from it so that the sinus 
can be clearly seen ( Figs. 15, 31, 35 ), or 
the wings overlap, the dorsally placed one 
lifting somewhat so that the sinus is 
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obscured ( Figs. 32-34). Unlike the Os- 
mundaceae, the thallus of P. semicordata 
in our cultures does not become ribbon- 
shaped with age but retains the cordate 
shape and merely grows large. The wings 
expand greatly and the cushion appears 
thicker. Several specimens, 9% months 
old, were 7 mm long and just as wide. 
Whether these would eventually have 
increased in length will not be known, for 
in the autumn of 1955, when they were a 
little over a year old, they began to pro- 
duce regenerative growths. 

The thallus is of the massive type but 
sections reveal that this is at first due to 
the size of the cells rather than to their 
number (Fig. 85). Most of the large 
prothalli sectioned were 5-7 cells thick 
but several prothalli reached a thickness 
of 15 cells ( Fig. 86). 

The first rhizoid and often the second 
has a colorless wall and usually contains a 
few chloroplasts which persist for a short 
period ( Figs.’7,, 8, 19, 21,23, 26). Dates 
the rhizoids are brown; they are excep- 
tionally stout even on young prothalli, and 
at first are marginal. The later rhizoids 
develop on the ventral surface and form a 
reddish-brown growth on old prothalli. 
Branching of the rhizoids occurred occa- 
sionally. 

Cultures of P. semicordata in a north 
window showed an unusual habit of 
growth — the thallus instead of lying flat 
or obliquely on the substratum, as is usual 
in ferns, stood almost vertically. In 
looking down upon it, projecting knobs, 
which are antheridia and less frequently 
archegonia, could be seen standing out 
from both dorsal and ventral surfaces. 

Regeneration was very abundant in 
P. semicordata, beginning in November 
1955, 15 months after planting. The 
regenerated prothalli not only grew on the 
ventral surface and on the margins 
( Fig. 38) as is usual in regenerating fern 
gametophytes, but also formed a dense 
growth on the dorsal surface ( Fig. 37); 
the growth was so dense that the branch- 
ing of the parent thallus was not evident 
until many of the young gametophytes 
had been dislodged; they fall off very 
easily in handling. These regenerating 
prothalli have in general shorter bases 
than those grown from spores, perhaps 


Figs. 30-38 — P. semicordata. Figs. 30, 31. Thalli from spore which germinated in spo- 
rangium: antheridia, 19 months x 16; one archegonium and 4 antheridia, 84 months x 30. Fig. 32. 
Thallus with 6 archegonia and 10 antheridia, 21 months x 16. Fig. 33. Thallus with 17 archegonia 
and many antheridia, 19 months x 12. Fig. 34. Thallus, 134 months x 9. Fig. 35. Thallus, 94 months 
x 8. Fig. 36. Two regenerated thalli from one 18 months old. x 16. Fig. 37. Thallus bearing 
regenerated thalli, dorsal side, 18 months x 6. Fig. 38. Branched thallus, ventral surface with 
regenerated thalli, many of which have been removed, 18 months x 6. 


because conditions were more favorable not, as in most ferns, from regions in which 
for them as they did not have to contend cells begin to lose their vigor. 

with-algae. The regenerative growths in Very few ameristic prothalli were found 
Plagiogyria arise from green healthy tissue, in P. glauca and none in our cultures of 
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P. semicordata. Among the early stages 
there was an occasional irregular prothal- 
lus ( Fig. 27) but there were no branched 
antheridial filaments of the type found in 
higher ferns. 


39-61 — P. 


Fics. 
Fig. 52. Mature, operculum vertical. 
ium. 
Fig. 59. Different ages together near base of thallus. 


semicordata. L.s. 


Fig. 


Big oGi. 30 42. 
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Antheridium. Figs. 


re, ( Fig. 53. Mature, operculum lateral. 
Figs. 55-57. Anomalous spermatogenous cells. 


61. Thallus with antheridia on both surfaces. 


[ December 


There are no hairs on the gametophyte 
at any stage. 

Antheridia appeared in P. semicordata 
4-5 months after sowing and one arche- 
gonium was found at 5 months. In P. 


39-51. Stages in development. 
c Fig. 54. Large antherid- 
Fig. 58. Supernumerary cells at base. 
Fig. 60a, b. Development of blepharoplast. 


Figs. 39-59. x 320. Fig. 60a, b. x 2000. . 


1956 | 


glauca antheridia appeared at 8 months 
and archegonia about 6 weeks later. 
Antheridia arise on the margins of cordate 
thalli ( Figs. 30, 36) as well as on the 
margins of ameristic thalli (Fig. 14). 
They are most abundant on the ventral 
surface where they gradually extend over 
the posterior part of the thallus ( Figs. 
15, 31, 32) but are also found on both 
surfaces (Figs. 61, 85, 86). As the 
cushion develops they come to occupy the 
wings and lateral edges of the cushion, 
keeping pace with the continuous develop- 
ment of archegonia ( Figs. 33-35). New 
antheridia may be found among the old 
on both surfaces ( Figs. 59, 61 ) especially 
on the posterior region of the thallus. 


Antheridia 


The antheridia are large structures 
with a complicated wall. They vary 
considerably in size. The antheridium 
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develops from a wedge-shaped superficial 
cell ( Figs. 39, 40 ) on the wings or side of 
the cushion. A series of divisions cuts off 
an outer layer of wall cells and an inner 
spermatogenous cell mass ( Figs. 41-51). 
The latter divides to produce a varying 
number of sperms (Figs. 52-54, 59) and the 
developing blepharoplast is conspicuous in 
the cytoplasm of the spermatid ( Fig. 60 ). 
The outer wall consists of an inconstant 
number of curved cells ( Figs. 64-73 ) and 
the curvature is indicated early in develop- 
ment ( Figs. 62, 63). Study of the walls 
of mature antheridia in living material is 
made difficult by the presence of a large 
number of chloroplasts. An opercular cell 
is formed ( Figs. 65-67) which is thrown 
off at dehiscence (Figs. 69-72). Its 
position may be either vertical ( Figs. 
52,72.) or.lateral (igs) 53265769 700) 
the latter being most common among 
those antheridia found nearer the base of 
the thallus. Among these are observed 


Figs. 62-73 — P. semicordata (0, operculum ). 
Fig. 65. Mature, operculum lateral. 
1 Fig. 68. Lateral view, empty. 
Figs. 71, 72. Top and side views, vertical operculum. 


Young stages. 
Fig. 67. Mature, from above. 
opercalum, 
still attached. All Figs. x 320. 


Figs. 62-64. 


External views. 
Fig. 66. Large antheridium seen from above. 
Figs. 69, 70. Dehiscence, lateral 
Fig. 73. Empty, operculum 


Antheridium. 
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occasional antheridia with the operculum 
hanging by a thread ( Fig. 73). In the 
posterior region of the thallus are also 
found antheridia which are raised from the 
surface of the thallus by several vegeta- 
tive cells ( Fig. 58). 

The vertical axis of the young antherid- 
ium is oblique to the surface of the thal- 
lus ( Figs. 49, 51) and this relation often 
persists at maturity ( Figs. 54, 61, 85). 

The antheridia open and the sperms, 
after a short period ( Fig. 69), all swim 
away. It was, therefore, somewhat of a 
surprise to find in individual antheridia 
that the spermatogenous cells frequently 
divide at different rates ( Figs. 55, 56). 
This occurred at all stages of development 
from very early division of the spermato- 
genous cells to the last division which 
forms the spermatids. These antheridia 
may be those mentioned above in which 
the operculum does not become completely 
detached. In a few antheridial sections 
examples of different sizes of interphase 
nuclei were observed ( Fig. 57). 

Division figures in the antheridia and 
surrounding vegetative cells were very 
frequent in our material and an attempt 
was made to count the number of chromo- 
somes. Counts from paraffin sections, 
however, can rarely be accurate and all we 
feel justified in saying is that the number 
seems to us to be too large to be a basic 
number. 


Archegonia 


The archegonia are produced in great 
numbers on the older thalli where the sinus 
is very wide ( Figs. 34, 35). A first row 
of as many as 26 archegonia was counted 
on that part of the cushion directly below 
the sinus. The necks are long and usually 
curved away from the notch. In several 
prothallia 9% months old (Fig. 86), the 
necks of the archegonia, following the 
contour of the very thick cushion, had 
developed at right angles to the thallus. 

Embedded material for P. glauca was 
not available and the following observa- 
tions were made on P. semicordata which 
Bower considered the more primitive 
species. All our sections of mature arche- 
gonia show the surprising condition of a 
septate neck canal. The young arche- 
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gonium develops in the usual way ( Figs. 
74-78 ) but after the division of the neck 
canal nucleus, a wall separates the 
daughter nuclei ( Fig. 79) which then 
divide again ( Fig. 80) and in turn are 
separated by walls (Fig. 81). The 
mature egg, therefore, lies at the bottom 
of a canal consisting of at least 5 cells: a 
ventral canal cell and 4 neck canal cells 
( Figs. 81, 83). We do not know whether 
the inner walls of these four cells persist 
in all mature archegonia but in the few 
doubtful cases observed there were four 
protoplasts, indicating that walls had 
once been formed ( Fig. 82). These four 
protoplasts can also be seen in the necks 
of living archegonia. That the neck. 
canal cells may divide further is illus- 
trated by the anomaly in Fig. 84. The 
cytoplasm of the egg is not homo- 
geneous but contains bodies which may be 
plastids. 


The necks of the archegonia were ob- : 
served to open and sperm to enter but : 


sporophytes have not been obtained. This 


is perhaps not surprising since the prothalli, : 


as stated earlier, stand nearly erect, con- 


siderably above the moist substratum, ! 


The few flooding experiments already 
performed were unproductive but as our 
material is now more abundant, this mat- 
ter is being pursued further by the junior 
author. 


Discussion 


In summing up the principal features of 
the gametophyte of Plagiogyria, there 
emerges an impressive list of primitive 
characters. We can say of the gameto- 
phyte what Bower ( 1910, p. 445 ) said of 
the sporophyte: “the facts... indicate 
clearly that the affinities of the genus are 
relatively primitive”. 

The filament stage tends to be short 
and the plate stage develops early; the 
rhizoids of the young thallus are pale and 
contain chloroplasts, although later they 
are stout and reddish brown; the cordate 
thallus is massive and may branch; the 
antheridia are large, complex and green 
and they are produced continuously even 
after archegonia develop; the archegonium 


neck is long and has 4 neck canal cells; — 


there are no hairs on the gametophyte. 


Fics. 74-86 — P. semicordala. L.s. archegonium. Figs. 74-78. Stages in development. 
Fig. 79. With 2 neck canal cells. Fig. 80. With 2 binucleate neck canal cells. Fig. 81. With 4 
neck canal cells. Figs. 82, 83. Mature’ archegonia. Fig. 84. Anomalous archegonium. Figs. 
85, 86. Mature thalli of Figs. 33 and 35 with sex organs on both surfaces, 19 months and 94 months 
respectively. Figs. 74-83. x 320. Fig. 84. x 180. Figs. 85, 86. x 42. 


Although a septate neck canal is usually nuclei and the occurrence of septation in 
thought of as a Bryophyte character, the anomalous archegonia has been observed 
occasional presence of 3-4 neck cana] in various fern groups: Osmundaceae, 


248 


Gleicheniaceae, Schizaeaceae, Cyatheaceae 
and Dicksoniaceae. It is a question as to 
what extent this indicates primitiveness, 
since it has also been noted in certain 
higher ferns, e.g. Dennstaedtia punctilo- 
bula (Conard, 1908), Stenochlaena palus- 
tris ( Burm.) Bedd. ( Stokey & Atkinson, 
1952a), Acrostichum speciosum Willd. 
(Stokey & Atkinson, 1952b) and it was 
found to be of common occurrence in our 
cultures of Platycerium grande and P. hillit 
Moore (Stokey & Atkinson, 1954a). 
Except for the genus Platycerium which 
Copeland ( 1947) regarded as among the 
more primitive members of the Polypodia- 
ceae s.s., this condition of the archego- 
nium has been found most frequently in 
the primitive families, and may well be 
regarded as a primitive character. 

In examining the gametophyte of Pla- 
giogyria for evidences related to the 
historical phyletic treatment of the 
genus, none are found for placing it with 
Lomaria. 

The gametophyte of Plagiogyria agrees 
with that of the Cyatheaceae in the primi- 
tive characters mentioned above which 
it shares with other primitive families 
( Stokey, 1945; Stokey & Atkinson, 1952c; 
1954b; 1956). It differs in having no 
hairs on the thallus, for the gametophyte 
of the Cyatheaceae bears multicellular, 
green, bristle-like hairs, usually long and 
pointed, which arise from a special initial 
(Stokey, 1930). As for the Pterideae to 
which it was assigned by Christ ( 1897), 
or the Pterideae-Cheilanthinae, to which 
it was assigned by Diels ( 1902), it has 
entirely too many primitive characters to 
permit its inclusion; the antheridium alone 
would exclude it, since the antheridia of 
the Pterideae which have already been 
described or which we have examined, 
are of the “ polypod ’ type with a wall 
consisting of the so-called “ funnel cell”, 
ring cell, and cap cell. 

In view of the suggestion by Bower 
(1926) that Plagiogyria may have been 
derived from the Osmundaceae, it is of 
interest to note any indications of this 
given by the gametophyte. Two of the 
striking characters of the Osmundaceae — 
the bipolar development from the spore, 
and the peculiar position of the straight- 
necked archegonia along the flanks of the 
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midrib — do not appear in Plagiogyria. 
We find that it agrees with the Osmunda- 
ceae in certain primitive characters pre- 
viously mentioned which it shares with 
other families. We also find that there 
are certain characters which it has in com- 
mon with the Osmundaceae and not with 
other primitive groups: the tendency of 
the antheridia to develop even on the 
margin of the thallus; the extraordinarily 
vigorous tendency to regeneration, much 
stronger than in any other group we have 
had in culture; the long neck of the 
archegonium with its sloping shoulders, 
and the fact that the cytoplasm of the egg 
is not homogeneous but contains bodies 
which may be plastids. 

The earlier positions of Plagiogyria in 
systems of classification proved to be 
untenable on the basis of sporophyte 
structure, and are equally so from the 
point of view of the gametophyte. As 
Bower (1910) pointed out, its affinities 
are not with the higher ferns. For the 
gametophyte as well as for the sporophyte, 
a satisfactory solution was reached by 
Bower’s establishment of the family Pla- 
giogyriaceae. 


Summary 


Two species of Plagiogyria were studied 
— P. glauca and P. semicordata. Germina- 
tion was very slow, particularly in P. glauca, 
and occurred in cultures at irregular 
intervals. A filament, usually short and 
consisting of short cells, is formed on ger- 
mination; this is followed by a plate. At 
maturity the thallus is cordate-elongate; 
when old the wings are large and the 
cushion is thick. There were no hairs 
formed on the thallus. Antheridia ap- 
peared on P. glauca 8 months after planting 
of spores and archegonia 6 weeks later. 
Antheridia appeared in P. semicordata in 
4-5 months and archegonia in 5 months. 
The antheridia are large, green, and com- 
plex. They appear on both dorsal and 
ventral surfaces of the wings, often on the 
margin, and arise continuously even after 
archegonia appear. Archegonia developed 
on both surfaces. The necks were straight 
at first but later curved, usually toward 
the base. The mature archegonium is 


unusual in having a neck canal which is | 


1956 ] 


septate and usually contains 4 cells. Re- 
generated growths were formed on both 
dorsal and ventral surfaces in extraordi- 
nary abundance. The gametophyte of 
Plagiogyria is of a primitive type. 

Part of this investigation was carried 
out by the senior author at the Marine 
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Biological Woods 
Mass. 

The junior author wishes to express her 
gratitude to the Biology Department, 
Amherst College, Amherst, Mass., for 
many courtesies and certain technical 
assistance. 


Laboratory, Hole, 
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THE GAMETOPHYTE OF LOXSOMA CUNNINGHAMI R. BR. 
AND LOXSOMOPSIS COSTARICENSIS CHRIST 


ALMA G. STOKEY & LENETTE R. ATKINSON 
Mount Holyoke College, South Hadley, Mass., U.S.A. and Amherst, Mass., U.S.A. 


Loxsoma cunninghami, first described by 
Robert Brown in 1836, was of interest for 
a long time not only because of its pecu- 
liar combination of characters, and its 
restriction to northern New Zealand, but 
also on account of its apparent lack of 
close relatives. In 1904, however, Christ 
described an undoubted relative, Lox- 
somopsis costaricensis, from Costa Rica. 


Three species of Loxsomopsis, ranging from 
Costa Rica to Bolivia, are now known 
(Copeland, 1947). The striking discon- 
tinuity of distribution has greatly in- 
creased the interest in these two genera. 
Dobbie (1951), writing from a land of 
remarkable ferns, described Loxsoma 
as “the most interesting fern in New 
Zealand ”. 
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Our knowledge of the gametophyte 
in this family is limited to Goebel’s 
description and figures (1912, 1930) of 
the external morphology based on a col- 
lection of mature prothalli of Loxsoma 
growing wild. 

We are indebted for the spores of Lox- 
soma to J. D. McPherson, of the Depart- 
ment of Parks, Auckland, New Zealand, 
who sent us by air mail an excellent col- 
lection in February 1955. Good germina- 
tion was obtained from plantings made on 
March 15, 1955, on several media: distilled 
water, agar, porous clay crock resting on 
peat, and on peat. There was still good 
germination of spores 9 months after col- 
lection but spores a year old germinated 
slowly and less abundantly. The spores 
of Loxsomopsis costaricensis Christ were 
collected by Miss Edith Scammon, of Gray 
Herbarium, Harvard University, at Vera 
Blanca, Costa Rica, March 22, 1953, and 
sent to us in fine condition by air mail. 
Good germination was obtained from 
cultures made at once on distilled water, 
on porous clay crock and on peat. Ger- 
mination also occurred but more slowly 
when the spores were 3 months old. No 
later plantings germinated. 

The spores of Loxsoma are tetrahedral, 
slightly flattened and with prominent 
ridges ( Fig. 1, a, b). The wallis brown 
with conspicuous irregular protuberances. 
Oil is present in the spores. The average 
size is 58x 5lu. The spores of Lox- 
somopsts costaricensis are also tetrahedral 
and somewhat flattened but with less 
conspicuous tripartite ridges (Fig. 19, 
a,b). The wallis brownish in color and 
has a slightly roughened surface; there is 
sufficient oil in the spores to give them a 
yellowish tinge. The average diameter is 
54 X 45 p. 

Germination of the spores of Loxsoma 
was obtained readily and abundantly on 
all media in 10-12 days; it occurs fre- 
quently as a plate ( Figs. 10, 13) but more 
often as a filament which is usually short 
( Figs. 2, 3, 7 and 8) and may show longi- 
tudinal division early (Fig. 4). Some- 
times a longitudinally divided cell remains 
within the spore coat and a transversely 
divided filament emerges (Figs. 7, 9). 
Oil drops not exhausted in germination 
were visible in the cells of the filament 
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and plate ( Figs. 8, 10). The first rhizoid 
may protrude before the first prothallial 
cell (Fig. 5) or the prothallial cell may 
emerge first ( Fig. 6). When germination 
occurs as a filament, the filament usually 
consists of 3 or 4 cells before the tip cell 
divides, longitudinally or obliquely, and a 
plate is formed ( Figs. 12, 14). Most of 
the gametophytes favorably placed for 
early development had only one, less com- 
monly two, cells in the filament. If de- 
velopment and growth are delayed, the 
basal filament may consist of 4-6 cells 
(Figs. 35B, 36). Irregular branching 
at the base may occur ( Fig. 17); it was 
more frequent in the early cultures than in 
those obtained later. The plate was. 
usually formed at an early stage by further 
longitudinal and transverse divisions but 
the apical cell did not necessarily appear 
early. In the series in Fig. 16, a-f, it was 
active by the 16th day. A well-developed 
cordate plate may be formed in 2 months 
and at that time, or shortly after, an- 
theridia may appear on the surface of the 
thallus, even while it is still in the apical 
cell stage ( Fig. 35). 


the apical cell is replaced by a marginal 
meristem, but at times division in the 
third plane may be found in a young 
thallus, particularly if it is more or less 
irregular ( Figs. 11, 15). 

Germination of the spores of Lox- 
somopsts costaricensis occurred in 10-14 
days. Growth in the early stages was 
slow, and the young prothalli formed only 
10-30 cells in a month. Germination may 
result in a plate ( Figs. 22, 23) but this 
was less common than a filament ( Fig. 
21) which passed quickly into the plate 
stage (Figs. 20, 25, 27, 31 and 34% 


Longitudinal divisions usually began in | 


the filament when it was 3 or 4 cells long; 


it was unusual for a filament to attain a . 


length of 5 or 6 cells before such divisions 


occurred. There is a strong tendency | 


toward the early development of the plate 
and even to the development of a complete 
plate-thallus with no basal filament ( Figs. 
26, 28). The basal cell may divide 
lengthwise or obliquely even when all the 
cells farther up in the filament have not 


divided ( Figs. 24, 26). Oil drops persist , 


in the basal cell for a considerable period” 


Se nn nn ——— = 


am em u ras 


The thickening of | 
the thallus to form a midrib begins after | 


Fics. 1-18 — Loxsoma. Spore and early stages of gametophyte. Fig. 1a, b. Spore. x 300. 
‘igs. 2-5. Gametophyte 15 days after planting spores. Fig. 6. 40 days, oil drops shaded. Figs. 
-10. 43 days. Fig. 11. Thallus with apical cell, division in 3 planes, 2 months. Figs. 12, 13. 
5 days. Fig. 14. Germination on water, 14 days. Fig. 15. Irregular thallus, on crock, 2 months. 
‘ig. 16a-f. Stages of thallus, 14, 16, 18, 20, 26, 30 days. Fig. 17. Thallus on crock, 3 months. 
ee 8s 55) days. Kies. 2, 6-12, 14: x 175. Figs. 3-5, 13. x 225. Figs. 15, 17. x 110. Fig. 
GAL x 150. Fig. 18: x 15. 


Fics. 19-34 — Loxsomopsis costaricensis. 
a, b. Spore. x 300. Fig. 20. Gametophyte on water, 15 days. 
1 month. Fig. 22. Thallus 35 days, oil drops shaded. Fig. 23. 37 days. 


Figs. 25, 27. On crock, 32 days. 
31 days. Fig. 32. 36 days. 
Bigs. 20-231 6225. 


and may be found when there are 10-15 
cells in the thallus. The division of the 
basal cell is usually unequal with the 
larger cell retaining most, if not all, of the 
oil drops, and the smaller cell developing 
more chloroplasts ( Figs. 22-24, 26, 28). 
The rhizoids of both species are colour- 
less on young thalli and usually contain 
a few chloroplasts ( Figs. 2-4, 11, 12, 28 


Spore and early stages of gametophyte. 


Figs. 26, 30. 52 days. 
Fig. 33. Thallus with antheridia, 8 weeks. 
Figs. 24, 26, 32. x 190. Figs. 25, 27-31, 34. x 110. Fig. 33 x 45. 


Fig. 24. 47 days. 
Fig. 28. 37 days. 


and 32). Chloroplasts may also be found 


Fig. 19. | 
Fig. 21. Thallus, crowded culture, | 


« 


Figs. 29, 31. On peat, |} 
Fig. 34. On peat, 30 days. | 


| 


in newly formed rhizoids on prothalli 3. 


months old. One or more rhizoids usually 
appear on the basal cell, or cells, in both 
species, but on some thalli the rhizoids 
may be belated ( Figs. 9, 10, 13, 22, 26). 
The brownish colouring appears early in 
the rhizoids and later they become a light 
brown or reddish brown. They are very] 


'E 


| 


~ + 


Fics. 35-42 — Gametophytes with sex organs and hairs. 
Fig. 35A, B. Thalli with antheridia, 6 and 11 weeks. 


Loxsomopsis. 
antheridia, archegonia, hairs, 4 months. 


Fig. 39. Thallus with sex organs and hairs, recurved wings, 34 months. 
crowded region, antheridia, archegonia, one hair, 18 months. 


20 months. 
Big. 35. x 30. Figs. 36-39. x 9. 


abundant and form a conspicuous growth 
on the ventral surface of mature pro- 
thalli ( Figs. 39, 41). Bu 

In the development of the later stages 
of the thallus there were more irregulari- 
ties in Loxsoma than in Loxsomopsis. 
Branching of the young thallus at the 
base (Figs.15,17, 29) and the development 
of ameristic prothalli bearing antheridia 
( Fig. 56) were more frequent in Loxsoma 


Fig. 40. x 11. 


Figs. 35-39. Loxsoma. 
Figs. 36, 38. Thallus with 
Fig. 37. Thallus with archegonia and hairs, 34 months. 
Fig. 40. Thallus from 
Fig. 41. Well-grown thallus, 
Fig. 42. Thallus from crowded region, antheridia, archegonia, no hairs, 22 months. 


Figs. 40-42. 


Fig Al x 7. Big. 42 x 12. 


than in Loxsomopsis. In Loxsomopsis 
there were more examples of oblique walls 
in the marginal cells (Figs. 30, 32). 
Sometimes a second division following 
the first produces 2 oblique walls parallel 
to each other (Fig. 30). The cordate 
stage of the thallus may develop in both 
species in 6-8 weeks ( Figs. 18, 33). 
Antheridia appeared on the gameto- 
phyte of both species when they were 7-8 
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Fics. 43-55 — Multicellular hairs. 


Fig. 46. L.s. 3-celled hair. 
thallus in Fig. 43. 

hair, ventral surface. 
Fig. 53. L.s. young hair, dorsal surface. 


Figs. 43, 45-53. Loxsoma. 
Figs. 43, 44. Ventral surface around notch, archegonia, hairs. 


Figs. 44, 54, 55. Loxsomopsis. 
Fig. 45. L.s. of apex, hair initial. 


Arrow points towards notch. Fig. 47. Hair from dorsal surface of 
Figs. 48-50, 54, 55. Types of mature hairs, ventral surface. 

Fig. 52. L.s. of young hair with oblique division in basal cell, ventral surface. 
Figs. 43, 47. x 50. Fig. 44. x 28. 


Fig. 51. Young 
Figs. 45, 46, 52, 53. 


x 320 Bigs-"487 54, 55. X 72." Bigs. 49,502 X 1107 ES Sie 175: 


weeks old and they were soon present in 
great numbers on the ventral surface 
( Figs. 33, 35). They also developed on 
the margins (Figs. 35B, 42) and less 
frequently on the dorsal surface. They 
continue to develop for weeks; antheridia 
appeared in Loxsoma even after arche- 
gonia had begun to form when the pro- 
thalli were 3-4 months old ( Figs. 36, 38, 
39). Production of archegonia was be- 
lated in our cultures of Loxsomopsis but 


the thalli grew vigorously, became cordate 
and still continued to produce antheridia 
all over the ventral surface; one thallus, 
10 months old, had produced 38 antheridia 
but only 2 archegonia and one hair. As 
the archegonia increase in numbers in 
Loxsomopsis, continued production of an- 
theridia may be observed both on slender 
thalli from crowded regions ( Figs. 40, 42 ) 


and on larger thalli which were more | 
If growth 


favorably situated ( Fig. 41 ). 


Fics. 56-84— Loxsoma. Antheridium. Figs. 56-73. External views. Figs. 74-84. Ls. 
"ig. 56. Young stages on ameristic thallus. Figs. 57-65. Other stages in development. Fig. 66. 
Mature, top view, cap cell divided once. Figs. 67-70. Mature, cap cell divided twice. Fig. 71. 
Mature, cap cell divided 3 times. Figs. 72, 73. Dehiscence. Figs. 74-82. Stages in development. 
‘ig. 83. Mature. Fig. 84. Blepharoplast in spermatid. Figs. 56-83. x 320. Fig. 84. x 2000. 


onditions ceased to favor the production 
f archegonia, the formation of antheridia 
ontinued not only on the wings but also 
n the apical region and even on the apical 
nargin ( Fig. 121). 


Archegonia appeared in about 3 months 
in Loxsoma but not until 10 months after 
sowing in Loxsomopsis. In our cultures of 
Loxsomopsis they were produced in large 
numbers but less abundantly in Loxsoma. 


Figs. 85-98 — Loxsoma. 
gonium. X 320. Figs. 90-92a. 
X 320. Fig. 95. Gametophyte, 54 months with young sporophyte. x6. 
showing different positions of necks. x 180. Figs. 97, 98. Thalli 3 months and 44 months old. 
Arrow points away from notch. x 150. 


The necks, especially in Loxsoma, follow 
the ventral contour of the cushion and may 
point in various directions ( Figs. 37, 39, 
42, 43, 122). In Loxsomopsis with its 
flatter thallus, most of the necks curve 
away from the notch ( Figs. 41, 44). 


L.s. except Fig. 95. (A, hair). 
Mature archegonium. x 320. Figs. 92b-94. Anomalous archegonia. | 


Figs. 85-89. Development of arche- 
Fig. 96a, b, c. Archegonia 


The form of the mature thallus is not 
alike in the two species; the margin of 
Loxsoma is less regular (in our cultures ) 
and its wings lift up giving the thallus a 
hinge-like aspect (Figs. 39, 95). The. 
thallus of Loxsomopsis remains flat, and 


Fics. 99-117 — Loxsomopsis. 
Figs. 110-117. Ls. 
b. Mature, young. Figs. 
Fig. 109. Mature, large. 
from dorsal surface. 


105-107. Mature. 


Mature, large. All x 320. 


with age becomes much more elongated 
than that of Loxsoma (Figs. 41). The 
notch tends to be broad in both. Both 
species have a thick cushion made up of 
cells which are large, especially on the 
dorsal side ( Figs. 97, 98, 122 ); at 3 months 
Loxsoma thalli are commonly 4 cells thick, 
at 44 months 6 or7 cells thick and may reach 
a thickness of 10 cells; at 10 months the 
thalli of Loxsomopsis are usually 8 cells 
thick and may reach a thickness of 10 
cells. 

No regeneration was found in any of 
our cultures. 

The most striking feature of the gameto- 
phyte in both Loxsoma and Loxsomopsis 
is the presence of multicellular hairs on 
the cushion among the archegonia, or 


Antheridium. (0, operculum ). 
Figs. 99-101. Young stages. 


Figs. 99-109. External views. 


Figs. 102, 103. Mature, top view. Fig. 104a, 


Fig. 108. Empty antheridium after dehiscence. 
. Figs. 110-114. Stages in development, ventral surface except Fig. 112 
Fig. 115. Mature, at edge of wing. Fig. 116. Mature, elongated. Fig. 117. 


near by on the wings, or even farther for- 
ward beyond the notch. Goebel (1912) 
described the hairs of Loxsoma as ‘ Schup- 
penhaaren ’ (scale-hairs). The hairs are 
green and, although they do not have as 
many chloroplasts as the thallus on which 
they are growing, they remain alive as 
long. Although they may develop a 
broad flattened region, they are not suffi- 
ciently firm to be described as scales and 
not sufficiently stiff to be called bristles. 
Bauke ( 1876) designated similar hairs in 
the Cyatheaceae as ‘ Borsten ’ ( bristles ). 
The hairs usually begin to develop shortly 
after the appearance of the first arche- 
gonia (Fig. 36), but they may not be 
formed at all or appear only in small 
numbers if the thallus is slender. This is 


Fics. 118-122 — Loxsomopsis. L.s. 


b, straight neck. x 320. Fig. 119. 
Sperm in neck of archegonium. x 320. 


Fig. 118. Mature archegonium. a, four-neck canal nuclei; | 
Mature archegonium, 
Fig. 121. Thallus, antheridium on apical margin. x 16. | 


curved neck. x 320. Fig. 120. 


Fig. 122. Necks at various angles on thallus 10 cells thick, 94 months. x 75. 


particularly true of Loxsomopsis ( Figs. 
40, 42). In general they were more 
abundant and larger on Loxsoma than on 
Loxsomopsis ( Figs. 43, 44). On young 
thalli the hairs are usually uniseriate 
( Figs. 49, 51, 55 ) but as the thalli enlarge 
and the number of archegonia increases, 
the multi-cellular hairs increase in size, 
number and breadth ( Figs. 38, 39, 41); 
those on well-grown thalli are 2 cells wide 
at the base or intermittently along their 
length ( Figs. 47, 48, 54) and in our cul- 
tures even 4 or 5 cells wide ( Fig. 43). 
The origin of the 2-celled base is indicated 
in Fig. 52, in which the basal cell of the 
hair has divided longitudinally. The tip 
is ordinarily a single cell, rarely more 
(Fig. 50). The hairs are often absent 
from the dorsal surface but on large, 
healthy gametophytes, one or more well- 
developed hairs may be found ( Figs. 47, 
53). The vigorous growth of the long 
hairs around the notch, visible to the 
naked eye, is very suggestive of a similar 
growth in the Cyatheaceae. An examina- 


tion of a section of the thallus reveals the 
mode of origin of the hair as shown by the 
position of the hair initial ( Fig. 45). As 
in the Cyatheaceae, the hair arises from a 
special initial, near the apex of the thallus, 
formed by a wall which extends obliquely 
from the anterior face to the surface of the 
cell ( Figs. 45, 97,98). The base becomes 
broadly wedge-shaped ( Fig. 46). A sur- 
face view from above shows the base of 
the hair covering the anterior part of a 
prothallial cell ( Fig. 51). 


Antheridium 


The antheridia of Loxsoma and Lox- 
somopsis are large complicated structures 
and, although the mature antheridia do 
not all look alike, their early development 
is similar (Figs. 56-65, 99-101, 104b). 
The initial in each species develops from a 
wedge-shaped superficial cell ( Fig. 74) 
and a series of divisions separates the outer 
layer of walls from an inner spermato- | 
genous mass ( Figs. 75-82, 110-114). The © 
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leveloping blepharoplast is conspicuous in 
the cytoplasm of the spermatid ( Fig. 84). 
The wall of the mature antheridium 
is composed of curved cells ( Figs. 66-73, 
102-104a, 105-109), variable in number 
and position so that the mature antheridia 
assume different aspects. The curvature 
is indicated early in development ( Figs. 
60, 100). Chloroplasts, abundant in the 
walls of young antheridia (Fig. 59), 
make observation of living material diffi- 
cult but they soon degenerate and only a 
few are present in the wall of the mature 
structure. An operculum is formed which 
is shed at dehiscence ( Figs. 72, 73, 108). 
Frequently the cap cell divides 2 or 3 
times to form the operculum ( Figs. 67-71, 
107 ) and these divisions may be at right 
angles or parallel to each other. The 
mature antheridium in Loxsoma and 
Loxsomopsis varies considerably in size 
within the species (Figs. 68, 72; 108, 
109, 115-117). In our cultures they are 
usually larger and more complex in 
Loxsomopsis than in Loxsoma. Thesperms 
when released remain outside the antherid- 
lum for a short time (Figs. 73, 108) 
and then swim actively away. 


Archegonium 


Externally the archegonia show no 
special features except the inconstancy 
in the direction of the necks ( Figs. 37, 
42,43). The necks appear large and long, 
especially in Loxsomopsis (Fig. 118b) 
but longitudinal sections show that they 
have only 4-5, 5-6 cells in a tier ( Figs. 90, 
91, 118, 119). Development of the ar- 
chegonium takes place in the usual way in 
Loxsomopsis and for the most part in 
Loxsoma ( Figs. 85-89) but in the latter 
many irregularities were observed. A 
duplication of the central cell was often 
found ( Figs. 92b, 93) and irregular divi- 
sions of the basal cell ( Fig. 94). Some- 
times the neck canal cell did not extend 
to the very tip of the neck (Fig. 92a). 
The necks in both species may be straight 
(Figs. 90, 96c, 118b) or curved away 
from the notch ( Figs. 91, 96, a, b, 119). 
Four neck canal nuclei were observed in 
one archegonium of Loxsomopsis ( Fig. 
118a). The necks of Loxsoma were ob- 
served to open but the distal neck cells 
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did not always appear to be thrown back 
(Fig. 96b) as is usual for many ferns. 
Sperms approached the neck but none 
were seen to enter in those specimens ob- 
served under the microscope. Fertiliza- 
tion must take place, however, as we 
obtained five sporophytes in a single 
culture by accidental watering (Fig. 95). 
Sperms were observed in the necks of 
hone archegonia of Loxsomopsis ( Fig. 


Discussion 


The family Loxsomaceae was establish- 
ed by Presl in 1848 ( Copeland, 1947 ) but 
was not generally adopted for many years. 
In this century the family has been in- 
cluded in most classifications and is now 
generally accepted by pteridologists. 

Hooker ( 1868 ) associated Loxsoma with 
the Hymenophyllaceae because of the 
character of the sorus but this classifica- 
tion eventually fell from favor, especially 
after the gametophyte of Loxsoma had been 
described. Dickason (1946), although dis- 
claiming an attempt at a phylogenetic 
arrangement, has grouped the Loxsoma- 
ceae on the basis of sorus structure with 
the Hymenophyllopsidaceae and Hymeno- 
phyllaceae with no mention of the gameto- 
phyte. Christ (1897) placed Loxsoma 
with the Davalliaceae on the basis of habit 
and to some extent on the sorus but this 
was not satisfactory because of the great 
difference in the type of sporangium. 
Bower (1926) approved the family Lox- 
somaceae and, in discussing relationships, 
suggested an affinity with the Dicksonia- 
Dennstaedtia line, while Goebel (1912) 
who first described the mature gameto- 
phyte of Loxsoma with its hairs, suggested 
an alliance with the Cyatheaceae-Poly- 
podiaceae line. 

In our investigation of the gameto- 
phyte of the Loxsomaceae, we find no 
basis for a relationship with the Hymeno- 
phyllaceae. The cordate thallus with un- 
usual multi-cellular hairs bears little 
resemblance to the hairless, specialized 
filamentous or branching, ribbon-shaped 
thallus of the Hymenophyllaceae ( Stokey, 
1940). 

aie gametophyte of the Davalliaceae is 
of the cordate type. Schmelzeisen ( 1933 ) 
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gave a description and figures of Davallia 
bullata Wall. in which there are papillae 
on the margins of young thalli. Kachroo 
( 1955 ) has studied the thallus of Leucoste- 
gia immersa ( Wall.) Presl and found 2- 
or 3-celled hairs on old thalli and uni- 
cellular and acicular hairs on the margins 
and surface. Our own work has not yet 
extended to this group. 

The relation of the Loxsomaceae to the 
Dicksoniaceae would not seem to be close 
for, although there are characters in com- 
mon — heavy thallus, complex antherid- 
ium, archegonia with long necks — the 
thallus in the Dicksoniaceae does not have 
hairs ( Goebel, 1930; Stokey, 1930). 

In suggesting a relationship of the 
Loxsomaceae to the Cyatheaceae, Goebel 
was strongly influenced by the presence of 
the peculiar multicellular hairs on the 
gametophyte of Loxsoma. Ourstudy ofthe 
origin of these adds a further argument in 
favour of this relationship. The origin of 
the hair, described above, from a special 
initial is known to occur in only 3 families: 
Gleicheniaceae, Cyatheaceae (Stokey, 
1950, 1930) and Loxsomaceae In the 
Gleicheniaceae, although the hair itself is 
shorter, simpler and capped with a 
glandular cell, the mode of origin is the 
same. Those of the Cyatheaceae and 
Loxsomaceae are alike in origin, position 
and form. We must take exception to 
Bower’s statement ( 1926, p. 257) “...in 
Loxsoma the appendages are of the nature 
of bristles and not actually flattened 
ramenta’’, since the multicellular hairs 
found on the Loxsomaceae are not bristles 
and are in part flattened. Multicellular 
hairs found in various higher ferns ( chiefly 
in the Polypodiaceae s.s.) of which those 
of Platycerium are particularly well de- 
veloped, arise in a different manner 
(Stokey & Atkinson, 1954): the hair 
develops as a protuberance or papilla 
from the center of a surface or marginal 
cell, not unlike a rhizoid in origin. 

The description of the antheridium 
given by Goebel suggests a simpler type 
than we have met with in our material. 
He doubted whether the divided cap cell 
was characteristic of Loxsoma as he was 
able to find only 3 examples of it. In our 
material, which perhaps was more abun- 
dant than his, we have found that the cap 
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cell always divides: frequently once, as a 
rule twice and sometimes three times. 
general we have found the antheridium 
more complicated and less advanced than 
his interpretation of it. It is more ad- 
vanced than that of the Gleicheniaceae 
(Stokey, 1950) or that of Matoma 
(Stokey & Atkinson, 1952) and is prob- 
ably at about the same stage of evolution 
as in the Cyatheaceae. Similarity in type 
of antheridium would not alone imply 
relationship since a complex antheridium 
is found in other fern groups but the 
presence of this character combined with 
multicellular hairs and a more or less heavy 
midrib in both the Cyatheaceae and the 
Loxsomaceae make a common ancestry 
seem highly probable. 

We have found nothing to suggest any 
descendants of the Loxsomaceae in the 
higher ferns. 

We do not yet know how to evaluate the 
characteristics of the gametophyte in the 


scheme of classification but, in view of the | 


dissimilarities that the gametophytes of 


Loxsoma and Loxsomopsis show in com- — 


parison with those of other ferns and the 


similarities they show to each other, a | 
close relationship of the two genera seems — 


obvious and further evidence is added by 
the gametophyte for placing them together 
in the family Loxsomaceae. 


Summary 


Two species of the family Loxsomaceae 
were studied: Loxsoma cunninghami and 
Loxsomopsis costaricensis. The spores ger- 
minate readily and result in a plate, or, 
more often in a filament, usually short, 
which soon forms a plate. The mature 
thallus is cordate, longer, flatter and more 
regular in Loxsomopsis than in Loxsoma in 
which the wings become recurved. At 
maturity, long multicellular green hairs, 
uniseriate and multiseriate, develop abun- 
dantly on the ventral surface in the region 
at the notch among the archegonia; a few 
may arise on the dorsal surface. The hair 
arises from a special initial cut obliquely 
from the anterior part of a superficial cell 
not far from the apical cell. In origin 
and structure the hairs are like those of 
the Cyatheaceae. The antheridia are 
large complicated structures with curved 
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walls which contain very few chloroplasts 
when mature. An operculum cell lifts off 
at dehiscence. Necks of the archegonia 
are long and may curve away from the 
notch or in various other directions. The 
heavy midrib may be 10 cells thick. No 
regeneration occurred. 
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Part of this investigation was carried 
out by the senior author in the Marine 
Biological Laboratory, Woods Hole, Mass. 

The junior author wishes to express her 
gratitude to the Biology Department, Am- 
herst College, Amherst, Mass., for many 
courtesies and certain technical assistance. 
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ETHE VASCULAR ANATOMY OF LITOSTROBUS IOWENSIS* 


FREDDA D. REED 
Mount Holyoke College, South Hadley, Mass., U.S.A. 


The material of Litostrobus iowensis, a 
Sphenopsid strobilus, was contained in a 
slab which had been taken from a coal ball 
belonging in the Paleobotanical Museum 
of Harvard University, Cambridge, Massa- 
chusetts. The coal ball was one of the 
Thompson-Darrah collection originating, 
according to the attached label on the slab, 
from the Wier-Pittsburg coal, Frontenac, 
Kansas. Hambleton (1953) has placed 


the coal of this south-eastern Kansas 
area in the “ Cherokee group of the middle 
Pennsylvanian Des Moinesian Series”. 
The slab when received by me measured 
roughly 20 x 12 x 1:5 cm; the remainder 
of the coal ball has not been available to 
the author. This particular investigation 
is based upon 174 nitrocellulose peels 
taken from both surfaces of the slab, re- 
ferred to as the ‘T’ and ‘B’ surfaces 


*This investigation was aided in part by a grant from the American Philosophical Society. 
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respectively. At the present writing 
there are 94 peels from the B surface, 
serially labeled B1-B94; and 80 peels 
( T1-T80) from the T surface. These 174 
peels have reduced the thickness of the 
slab from 1-5 cm to approximately one cm. 
Because of the large number of spores, 
seeds, and vegetative organs from other 
plant groups which are evident in the 
peels other studies are in progress based 
upon these same preparations, but even- 
tually the sections will be catalogued in 
the palaeobotanical collection of Harvard 
University. 


Number and Distribution of 
Fragments 


When the slab was received, a cursory 
survey of the B surface revealed two 
fragments of a small articulated strobilus 
which, for the purpose of reference, were 
labeled a and 5b. Fragment a, an almost 
median longitudinal section 6 mm in 
length by 3-5 mm in diameter, consists of 
four superposed whorls of sporangia and 
bracts (Fig.3). In the first 60 peels taken 
from the B surface this fragment may be 
followed from near median longitudinal 
section, as in Fig. 3, through tangential 
planes to its extremity. The fragment is 
highly carbonized with the result that it 
possesses almost no cellular detail, never- 
theless, it is highly important for supply- 
ing dimensions and proportions and for 
checking against the transverse sections. 

Eight cm from a is fragment b (Fig. 5). 
At the level of Bl this fragment is a 
transverse section about midway between 
two nodal regions; in the series of 94 
peels from the B surface of the slab frag- 
ment b can be traced serially from the 
internodal position through a node to a 
comparable position in the adjacent inter- 
node. 

A third fragment c was exposed on the 
T surface (Fig. 2); this is an oblique 
transverse section with remarkably good 
preservation of all the tissues except for 
the conducting elements, where preserva- 
tion is indifferent. When c was first ob- 
served, its orientation and proximity to b 
made it appear to be an extension of the 
latter and there is still the possibility that 
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the two may be opposite ends of one and 
the same fragment of a strobilus; however, 
as the slab has been reduced in thickness 
by successive peels b and c appear more 
and more to be discrete units. The 80 
preparations made from the T surface 
provide serial sections of fragment c 
through two verticils of sporangia and 
subtending bracts as well as nodal and 
internodal aspects of the axis. 


Four more fragments, d, e, f, and g, : 


appeared as the peels were being made: 
Specimen d made its appearance on 
T50 and is still visible on the slab after 
the removal of 30 sections; it consists of a 
few bracts and sporangia which have been 


fragmented and disarranged almost be- 


yond recognition. Indeed, it was not until 
one had acquired some familiarity with the 
cellular detail of specimens } and c that 
this particular bit was lifted from the mass 
of seemingly unidentifiable plant remains 
and identified as Litostrobus. Aside from 
adding to the number of specimens the 


contribution of d lies in the fact that one | 
of the sporangia appears to possess its | 


full complement of spores ( Fig. 24). 
Fig. 4 is a diagram of f; this longitu- 


dinal section of the apical region of a 


strobilus is just distinguishable on B45 as 
a longitudinal section through the peri- 
pheral area. In the succeeding 49 sections 
it may be traced through tangential and 
radial aspects to tangential again, thus 
providing median views of the apex. 

The two remaining specimens, e and g 
(represented on B33-94 and B32-68 res- 
pectively ), are small portions but with 
sufficient preservation to insure their 
identity. However, aside from augment- 
ing the number of specimens encountered 
in the slab they have been little used in 
these studies. 

The approximate position and relative 
distribution of these seven specimens are 
indicated in Fig. 1 which was made by 
superposing a map of the T surface of the 
slab on to one of the B surface. 

Subsequent peels will doubtless yield 
additional fragments of Litostrobus but 
the more than 400 preparations at hand 
made from the seven different specimens 
consisting of longitudinal, transverse, and 
oblique series provide adequate material 
not only for the reconstruction of the 
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Fies. 1-3 
relative position and distribution of the fragments of Litostrobus; a, b, e, f, and g are from the B 


series of peels; c and d from T series. 


strobilus but for checking and counter- 
checking critical area. 


Description 


GENERAL MORPHOLOGY — While the re- 
lative position of the seven specimens in 
the coal ball strongly suggests that more 
than one strobilus was involved it does 
not preclude the possibility of their 
naving been parts of one and the 
same compound inflorescence. Such an 


Fig. 2. An oblique t.s. of c. T5. 


(sp, spore; vd, portion of verticillar disc )— Fig. 1. Map of the slab showing the 


Fig 32 sofa. Bl. 


inflorescence would bear a striking re- 
semblance to that of Bruckmania paly- 
stachys St. which Stur (1887) described 
and figured from impression material only. 

The acropetally developed strobilus is 
composed of at least ten — the maximum 
number found in the longest fragment 
(Fig. 4)—superposed verticils; each 
verticil or whorl consists of twelve laminal 
bracts and six adaxial, orthotropous 
sporangia. 

THE Axis — Throughout the sections 
the axis of the strobilus is poorly and 
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incompletely preserved and the tissues 
exhibit a certain amount of displacement, 
nevertheless, there is enough of it re- 
maining to enable one to reconstruct the 
axis and its vascular pattern in con- 
siderable detail and with a reasonable 
degree of accuracy. 

The internodal region of the axis is 
about 0:5 mm long by 0-6 mm in dia- 
meter. In transverse section the axis 
presents a hexagonal appearance, which 
shape appears to be an adjustment to the 
six closely appressed sporangia ( Figs. 6, 
17-20). The epidermis and cortex con- 
sist of some five to seven layers of thin- 
walled parenchyma cells, the epidermal 
cells are the smallest with an average 
diameter of about 12 micra; from the 
epidermis to the stele the cortical cells 
become increasingly larger. 

Details of the stelar tissues are obscure 
because of poor preservation and, because 
of this only rarely were the xylem elements 
found or the markings on the walls of the 
tracheids observed. Phloem had com- 
pletely disappeared. Even so, there seems 
no doubt that the stele is an exarch, 
triarch protostele, or that the tracheids 
do have scalariform markings on their 
walls ( Fig. 8). Surrounding the primary 
xylem, especially in the bays between the 
protoxylem points, are large thick-walled 
cells ( Fig. 7); their walls are dark brown 
in contrast to the golden brown color 
of the walls of the remaining cells of the 
axis. Owing to the poor preservation 
the nature of these cells remains prob- 
lematical. In some of the preparations 
they have the appearance of large secon- 
dary tracheids as may be seen in the stem 
tips of Sphenophyllum (Reed, 1949; 
Fig. 3); while in other sections they are 
suggestive of transfusion tissue. Still 
another interpretation which might be 
applicable here has been offered by 
Levittan & Barghoorn ( 1948 ) who wrote 
of seemingly comparable tissue found in 
the axis of Sphenostrobus thompsonti: 
“ The bays of the cruciate stele are filled 
with numerous particles which are the 
remaining contents of parenchyma cells 
which were made mucilaginous”’. This 
tissue not only surrounds the primary 
xylem of the internodal region of the axis 
but at the nodal region — as is described 
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later on — it accompanies the diverging 


traces into the bracts and pedicels of the | 


sporangia. 

At the nodal region the traces to the 
lateral appendages depart in a precise and 
orderly pattern ( Figs. 9-20). Owing to 
the mass of dark colored tissue about the 
primary xylem — mentioned above, and 
which increases in amount at the nodes — 
the actual contact of the traces with the 
central stele was not observed. Almost 
immediately there are established three 
groups of traces each group consisting of 
four strands (Figs. 11, 14). Although 
the evidence is meager it appears that each 
group of four strands was organized as a 
result of two successive horizontal dicho- 
tomies from a protoxylem point. The 
twelve traces thus established may now be 
followed clearly and with assurance. Six 
of them, or each alternate trace as BI, 
Fig. 14, pursue an uninterrupted course 
through the basal disc of the verticil, 
become the vascular supply of, and ter- 
minate in a sterile bract ( Figs. 14-19). 
The six remaining traces bifurcate almost 
immediately but this dichotomy is in a 


vertical plane rather than a horizontal one , 


as were the two preceding dichotomies. 
The lower trace of each pair ( B2, Figs. 14- 
20) radiates through the laminal disc 
and at the upturned edge enters and be- 
comes the vascular supply of the ‘ fertile’ 
bract; whereas the upper trace enters the 
short sporangial stalk and deploys about 
the base of the sporangium. 

As a result of the rapid sequence of 
dichotomies in the nodal region the stalk 
or pedicel of the sporangium is so close to 
the axis that when viewed superficially 
or without the vascular tissue, it has the 
appearance of being axillary in origin 
(Fig. 3). ‘ 

THE APPENDAGES —Transverse sections 


through an internodal region of the stro- 


bilus show two cycles of six bracts each 


( Figs. 5, 9 and 20); the six bracts of the ! 


outer cycle are opposite the sporangia with 
their margins overlapping those of the 
alternating inner bracts. Before the serial 
sections were made and the origin of the 
bracts discovered it was erroneously as- 
sumed that there were only six bracts 


in a verticil, that the six bracts of the : 
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outer cycle — being somewhat thinner and 
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Fies. 4-8 — ( B1, bract of the first order; B2, bract of the second order; e, epidermis of bract). 
‘ig. 4. Diagram of f. B80. Figs. 5, 6. Different levels of b. Fig. 5. Internodal region showing 
elative position of bracts and sporangia, also tips of some of the bracts from the verticil below, B12. 
ig. 6. This slightly oblique section near a node has the full complement of bracts, those on the 
ower side are adnate. B38. Fig. 7. Detail of axis. Fig. 8. Tracheids of st.le showing scalariform 


narkings. T77. 


Fics. 9-20 — Diagrams of some of the stages from a series of t.s. of b extending from an inter- fl 
nodal region. Fig. 9. Through a node to the adjacent internode, Fig. 20. 
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ccupying an outer position — were the 
verlapping tips of the verticil below. 
This would be an arrangement of bracts 
omparableto that which has been described 
or Sphenostrobus thompsonii ( Levittan & 
3arghoorn, 1948). Levittan & Barghoorn 
xplained the apparent alternation of the 
porangia and their subtending bracts as: 
due... to a slight rotation of the entire 
porophyllar disc, a situation correlated, 
levelopmentally, with the tangential divi- 
ion of the original compound taces’. 
dowever, the serial sections through 
he nodal region of Litostrobus demon- 
trate beyond doubt that both cycles 
yelong to one and the same verticil, and 
hat the six bracts of the inner cycle — 
vhich alternate with the sporangia — are 
he sterile bracts, while the six outer are 
he so-called ‘ fertile’ bracts. 

The appendages emerge from the nodal 
egion of the axis in superposed verticils of 
welve adnate bracts ( Figs. 12-14). The 
roximal portion of a verticil is saucer- 
haped; at its margin, approximately 1-3 
nm from the axis, the saucer-shaped disc 
reaks up into twelve upturned tapering 
amina (Figs. 16-19). At the level of 
heir divergence (Fig. 18) the twleve 
aminal bracts are approximately on the 
ame circumference and, except for their 
vascular supply as was described above, 
hey appear to be of one category; at a 
lightly higher level ( Figs. 19, 20) the 
acts, with accommodation and adjust- 
nent to the sporangia, become imbricated 
n a regular pattern in which they are 
rranged in two cycles as seen in the inter- 
odal region. Both cycles are closely ap- 
ressed to the sporangia, the sterile inner 
mes fit into the adaxial grooves, whereas, 
he ‘fertile’ outer ones are adjusted in 
hallow depressions at the distal side of 
he sporangia. 

The length of a free portion of a bract 
vas not determined as none was found 
omplete but the longest one available, 
acking its terminal portion which had been 
roken off abruptly, measures 2-6 mm and 
; seen to extend well above and to overlap 
he bract of the successive verticil 
Fig. 3). The bracts are about one mm 
ride at the base and taper to approxi- 
aately half that width at the level of the 
aternode above. 
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There is little cellular differentiation of 
the various tissues of the appendages when 
viewed in transverse section. Both the 
adnate saucer-shaped portion and the 
free laminal portions are composed of 
relatively thin-walled parenchyma. The 
epidermis is the most distinctive layer. 
Its distinction is not because of any espe- 
cial difference in the size of its cells nor in 
the thickness of their walls, but because 
many of the cells possess a dark substance 
which in some cases fills the cells and in 
others merely lines the walls ( Fig. 21e). 
In some instances this dark substance, be- 
ing more resistant than the wall mate- 
rial, is all that has remained (Figs. 5, 
6e ); therefore, it is of some significance as 
an aid in determining the position and 
extent of the bracts. In surface view, as 
that of Fig. 22b which was taken from the 
adaxial surface of a bract, the epidermal 
cells are elongated in a plane parallel with 
the long axis; it is also noted that the 
lateral walls of the epidermal cells are 
sinuous in this area (Fig. 22b). 

Each bract possesses a single median 
vascular strand (Figs. 20, 21). While 
little is known of the composition and 
structure of the conducting elements their 
position may readily be determined, as 
in the axis, by the accompanying cells of 
large caliber many of which are filled with 
a dark substance ( Fig. 21). These cells, 
for the most part on the abaxial side of 
the conducting elements, are not elongat- 
ed, on the contrary when viewed in longi- 
tudinal section, they appear to be almost 
isodiametric as shown in Figs. 23a and 
23b: 

The ground tissue is composed of thin- 
walled parenchyma. In the adnate por- 
tion many of the cells are somewhat 
elongated and appear to radiate toward 
the epidermis, while in the free laminal 
portion of the appendage the cells are 
isodiametric ( Figs. 2, 21). 

THE SPORANGIA — The sporangia are 
borne in whorls of six, each sporangium 
arising from the end of a short but 
stout and distinct pedicel. As mention- 
ed above, the vascular supply of the pedicel 
is one of the two branches of an ultimate 
dichotomy, the other branch being the 
vascular supply of the subtending laminal 
bract. 


Fics. 21-28 — Fig. 21. Detail of t.s. of laminal portion of a bract. T50. 
diagram of portion of a bract; b, detail of epidermis. T42. 


Fig. 22. Bractn 

Figs. 23a, b. Details of tissues of the M 
traces of a bract. T41, T43. Fig. 24. Section of sporangium of d. T63. Figs. 25, 26. Surface views oh 
of epidermal layer of sporangium. Fig. 27. Tetrad of spores. Fig. 28. Detail of surface of spores, 
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The sporangia incline to be sub-globose. 
However, they are so closely appressed to 
one another, to the axis of the cone, and 
to the laminal bracts that they have an 
angular outline and assume the shape of 
a polyhedron; this is clearly shown in 
Figs. 9-20. The sporangial wall consists 
of two layers. The cells of the epidermal 
layer are so thick-walled that in section, 
irrespective of the plane in which they 
have been cut, they simulate an annulus. 
These cells are elongated in the long axis 
of the sporangium (Figs. 25, 26) and 
become increasingly larger toward the 
distal end; in some instances their lateral 
walls are seen to be slightly sinuous 
(Fig. 26). The inner layer, composed of 
thin-walled parenchyma, two or. three 
cells deep, was rarely preserved and even 
then only fragments of it remained. This 
inner layer had the appearance of having 
become dry and membranaceous before 
petrifaction occurred. No special de- 
hiscence mechanism was observed other 
than the generally fibrous nature of the 
epidermal cells. 

Despite the apparently intact ap- 
pearance of the sporangia most of them 
were devoid of spores; in an occasional 
sporangium a few spores were to be 
found distributed in the peripheral re- 
sion (Figs. 2, 6 and 9); and, in one 
nstance — a sporangium of specimen d — 
very spore appeared to be in place 
Krig. 24). 

THE SPORES — With few exceptions the 
spores seemed to have matured prior to 
>etrifaction ; the exceptions are occasional 
etrads which are assumed to be aborted 
spores ( Fig. 27). The mature spores are 
spherical with an average diameter of 
ibout 80 micra. Triradiate ridges are 
fisible. Under low magnification the 
xine appears to be coarsely reticulated 
vith meshes about 20 micra wide 
Fig. 24), however, under high magni- 
ication these markings resolve into 
vrinkles or folds and the true ornamenta- 
ion is revealed as fine reticulations, the 
neshes of which are shallow and roughly 
sodiametric with diameters varying from 
hree to nine micra ( Fig. 28). The spores 
re either devoid of or filled with un- 
ecognizable contents. There was no 
vidence of heterospory. 
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Discussion 


The dimensions, proportions, and cellu- 
lar detail of bracts, sporangia, and spores 
of these specimens are in such close 
agreement with Litostrobus  1owensis 
Mamay (Mamay, 1954) that one is forced 
to assign them not only to the genus 
Litostrobus but to the species iowensis as 
well. 

In his discussion Mamay called attention 
to the Sphenophyllalean characters of 
Litostrobus. I agree with Mamay that the 
present material should not be included in 
the unsatisfactorily defined genus Bow- 
manites ( Hoskins & Cross, 1943). Also, 
Mamay has considered the relationship 
and affinities of Litostrobus. Inasmuch as 
I am in essential agreement with Mamay 
further discussion of the matter here would 
be superfluous. Attention is focused, 
therefore, on the two chief contributions 
of these specimens, namely: the vascular 
anatomy of Litostrobus, and the light it 
sheds on the derivation of one type of 
strobilus. 

Less is known of the internodal region 
of the axis than of the other portions. In 
such views as those of Figs. 5 and 18-20 
there was no more cellular detail than is 
illustrated, nevertheless, the clues all 
strongly suggest that the axis in this region 
was that of a triarch protostele. Also in 
the nodal region the origin of the lateral 
traces is obscure (Figs. 10-12) and the 
interpretation has been derived from 
meager and,somewhat indirect evidence. 
On the other hand, the pattern of the 
subsequent development of the traces 
(some of the stages of which are shown 
in Figs. 11-17) is repeated again and 
again in the serial sections of the several 
nodes — repeated to the extent that the 
reconstructions ( Figs. 29-31) have been 
made with confidence. 

Mamay believed the sporangia to be 
axial in origin, however, there was no 
vascular tissue in his material and, as was 
pointed out above, without such tissue the 
sporangia appear to be derived from the 
axis. The present material in much better 
preservation shows the sporangia are 
not axial in origin, indeed they are three 
dichotomies removed from it. Moreover, 
each sporangium is borne terminally on a 


Fics. 29-30 — Fig. 29. Diagrammatic reconstruction of t.s. of Litostrobus. Fig. 30. Recons- | 
truction of portion of Litostrobus as it would appear if cut longitudinally in the planes of X-Y of a.,} 


trace which is co-ordinate with the trace 
of a ‘fertile’ bract. 

The term ‘ fertile ’ thus becomes invalid 
when applied to the category of bracts 
that appeared to subtend the sporangia. 
Instead of sterile and ‘fertile’ bracts it 
seems more appropriate, therefore, to refer 
to them as bracts of the first and second 
order respectively; accordingly they have 
been so labeled in the figures. 

The additional information supplied by 
these specimens extends our knowledge of 
Litostrobus to the extent that it has been 
necessary to revise the diagnosis of the 
genus which now reads as follows: 


Litostrobus ( Mamay ) emend. Reed 


GENERIC DIAGNosIS — Strobilus verti- 
cillate, the appendages produced in mul- 
tiples of threes. Whorls superposed and 
consisting of basally fused bracts and 
sporangia. Bracts twice as numerous as 
the sporangia and of two orders: bracts of 
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Fic. 31 — (st, stele; ps, pedicel of sporan- 
gium). Reconstruction of vascular system of 
Litostrobus showing the traces derived from one . 
protoxylem point. 1 
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the first order, that is, those alternate with 
the sporangia, and whose traces are de- 
rived during the second dichotomy of one 
of the verticillary traces; bracts of the 
second order, that is, those opposite the 
sporangia and whose traces are derived 
during a third dichotomy, in which the 
sporangial trace is also produced. Spo- 
rangia orthotropous, each terminating a 
short pedicel. 


The name Litostrobus (litos: plain, 
simple ) was coined by Mamay because of 
the simplicity of structure of the strobilus. 
He was inclined to the opinion that its 
simplicity was the result of sterilization 
and reduction. This interpretation was a 
contributing factor to his attributing the 
genus to an advanced position among the 
Sphenophyllaleans. 

Whatever the position of Litostrobus 
among the Sphenopsids, of more signi- 
ficance here is the light it sheds on the 
phylogeny of the strobilus. If one were 
to start with a dichotomously branched 
system of fertile telomes as that of Fig. 
32 —generally conceded to be the primi- 
tive condition— and employ in turn the 
phenomena of sterilization and reduction, 
of planation and webbing the Litostrobus 
condition could be sequentially derived as 
shown in Figs. 33-35. 

Again, if a unit of a verticil of the 
strobilus, that is the products of a branch 
of the first dichotomy (Figs. 30b, 34), 
be compared with diagrams which largely 
have been based upon hypothesis (e.g. 


Fias. 32-35 — Series of stages showing how 
Litostrobus could have been derived from a sys- 
tem of dichotomously branched, fertile telomes. 
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Zimmermann, 1938; Fig. 17) it is seen 
that in Litostrobus there is a demonstration 
of a stage in the evolution of the strobilus 
which, heretofore, had been known only 
as a postulation. Thus the genus Litostro- 
bus, as here interpreted, clearly indicates 
one of the various ways in which the stro- 
bilus was achieved in the Sphenopsids. 


Summary 


Seven fragments of a Sphenopsid strobi- 
lus, Litostrobus iowensis ( Mamay ) emend. 
Reed, were found in a coal ball originating 
from the Wier-Pittsburg coal, Frontenac, 
Kansas. The coal of the area has been as- 
signed to the Cherokee group of the Middle 
Pennsylvanian Des Moinesian Series. 

The acropetally developed strobilus is 
composed of superposed verticils, each 
verticil consisting of twelve laminal bracts 
— their bases adnate, forming a saucer- 
shaped disc—and six adaxial, ortho- 
tropous sporangia. The stele appears to 
be a triarch protostele; at the nodal region, 
as a result of a rapid succession of dicho- 
tomies from the protoxylem points, there 
are established three groups of traces, each 
group consisting of four strands. Each 
alternate strand pursues an interrupted 
course through the verticillary disc and 
becomes the vascular supply of a bract 
of the first order. The six remaining 
strands bifurcate almost immediately, 
one trace becomes the vascular supply 
of a bract of the second order and the 
other becomes the vascular supply of 
the pedicel of a sporangium. 

The additional information supplied by 
these specimens made it necessary to re- 
vise the diagnosis of the genus Litostrobus. 

The contribution of Litostrobus in eluci- 
dating the derivation of one type of stro- 
bilus is considered. 

The author wishes to express her thanks 
to Dr E. S. Barghroon, Harvard Univer- 
sity, for the loan of the material; and 
to Dr W. H. Camp, the University of 
Connecticut, who assisted with the inter- 
pretation of the vascular organization of 
the strobilus based on certain modified 
concepts of the organization of the vas- 
cular supply of the plant body and its 
appendages, concepts which have not 
yet been published. 
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THE FORM, STRUCTURE AND SPECIAL WAYS OF 
DEHISCENCE OF ANTHERS OF CASSIA — 
II. SUBGENUS LASIORHEGMA 


C. S. VENKATESH || 
Department of Botany, University of Delhi, Delhi, India | 


Introduction 


In a previous paper ( Venkatesh, 1956 ) 
an account was given of anthers of the sub- 
genus Fistula of Cassia. The present 
communication deals with anthers of the 
subgenus Lastorhegma. 

Three species, Cassia mimosoides L., 
C. kleinii W. & A., and C. absus L. were 
investigated. Buds of different ages and 
open flowers were fixed in formalin-acetic- 
alcohol. C. mimosoides was collected from 
Chakrata in the lower Himalayas, C. 
kleinti from Bangalore and C. absus from 
Dehra Dun. The gross features of the 
anthers were studied in whole mounts and 
from free hand sections cleared in lacto- 
phenol. For anatomical and histological 
studies microtome sections were cut at 
thickness ranging from 6-12 u. after im- 
bedding in paraffin in the usual way. The 
sections were stained with a combination 
of Heidenhain’s haematoxylin and eosin. 
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Observations 


MORPHOLOGY OF THE ANDROECIUM — 
In C. mimosoides and C. kleinii there are ! 
ten stamens (Fig. 1) in a flower of which | 
the five antesepalous stamens (i-v) are | 
longer than the five antepetalous ones | 
(vi-x) which alternate with them. In 
C. absus there are usually only five ante- | 
sepalous stamens (Fig. 2, i-v) though 
sometimes a few additional stamens may 
occur in any of the antepetalous positions : 
( Fig. 2, vi-x). In all the species, but for , 
minor differences in size and shape, all | 
anthers of a flower are identical in struc- _ 
ture. They are dithecous, basifixed and 
have rather flattened and bilobed tips with 
mucronate apices. In C. mimosoides and 
C. kleinti the anther tip is usually slightly 
curved (Fig. 3). Anthers of C. absus 
are short and gradually narrow down from 
a broad obcordate tip (Fig. 4). In all | 
cases, dehiscence occurs by two subapical’ 
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Fics. 1-22 — ( be, split edges of the anther wall; ch, chink; fe, fibrous epidermal cell; 4, sutural 
hairs; stg, stomial groove; su, sutural region; ud, undehisced basal part of anther). Fig. 1. 
Androecium of C. mimosoides. x 1. Fig. 2. Androecium of C. absus. x 1. Figs. 3, 4. Dehisced 
anther of C. mimosoides and C. absus respectively. X 10. Figs. 5. 6. Tips of dehisced anthers of 
the two species magnified. x 30. Figs. 7-9. Surface views of sutural region of dehisced anther; 
in Fig. 7. C. mimosoides it is slightly forced apart. x 267. Fig. 8. C. kleinii it is intact. x 300. 
Fig. 9. C. mimosoides it has been completely forced apart to reveal the two rows of sutural hairs 
lining opposite edges of the split anther wall. x 134. Figs. 10, 11. T.s. microsporangium. x 300. 
Fig. 12. T.s. part of anther wall of C. absus to show a fibrous epidermal cell. x 300. Fig. 13. T.s. 
part of dehisced anther of C. mimosoides. x 300. Fig. 14. Top view of unopened anther of C. kleinii 
and C: mimosoides. X 18. Figs. 15-18. T.s. of the same at different levels. x 18. Fig. 19. Top 
view of unopened anther of C. absus. x 18. Figs. 20-22. T.s. of the same at different levels. X 18. 
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gaping chinks ( Figs. 5, 6). The sides of 
older anthers appear shaggy and bearded 
( Figs. 3, 4). Closer examination shows 
that along this region are situated rows of 
curiously coiled and closely interwoven 
hairs which arise from opposite edges of 
the split anther wall ( Figs. 7-9). It is 
these hairs which give to each side of the 
mature anther the stitched-up appearance 
of a suture. The sutures extend down 
from the lower ends of the two subapical 
chinks and run along the greater length 
of the anther. For a short length at the 
base of the anther, sutures are wanting. 

VASCULATURE OF THE ANTHER — The 
stamen receives a single vascular trace 
from the receptacle and this usually re- 
mains undivided in the connective of the 
anthers of C. absus. In C. mimosoides it is 
occasionally broken into three traces near 
the base of some anthers. Such a division 
is a regular feature in C. kleinti. 

DEVELOPMENT AND STRUCTURE OF THE 
ANTHER— In both C. mimosoides and 
C. kleinit, the pollen tetrads separate 
earlier in anthers of the outer staminal 
whorl. In the androecium as a whole, 
anthers on the anterior side of the flower 
mature quicker than the others. 

The anther wall is not as massive as in 
the other subgenera ( Figs. 10, 11). The 
hypodermis is little differentiated from the 
underlying layers and does not develop 
into a typical fibrous layer. On the other 
hand, a few scattered epidermal cells here 
and there show fibrous thickenings in 
C. absus ( Fig. 12). Tapetal cells are uni- 
nucleate. When the pollen mother cells 
are in division, the tapetum loses shape, 
becomes amoeboid and spreads itself as a 
plasmodium amidst the pollen tetrads 
(Fig. 10). The plasmodium persists till 
the pollen grains have rounded off 
( Fig. 11) and thereafter it is completely 
absorbed. The inner and outer walls 
of the epidermis become thickened and 
amorphous bodies appear in its cells. 
The undifferentiated hypodermis and the 
wall layers beneath it may persist for a 
while, but eventually they are flattened 
and crushed, so that only the thickened 
epidermis persists in the mature anther 
wall ( Fig. 13). 

Figs. 14-18 and 19-22 show the general 
features of fairly old anthers. Of the 
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four pollen sacs, the ventral pair is slightly 
shorter at the base in C. mimosoides and | 
C. kleinii (Fig. 18). In C. absus all pol- | 
len sacs are of the same length ( Figs. 
20-22 ). , 

As the sporangia start differentiating in 
the young anther, lateral stomial de- 
pressions arise along the septum of each |! 
theca (Figs. 23, 24). Later, at the tip 
of the anther, each stomium is outwardly 
evident as a deep lateral groove enclosed | 
by two raised lips ( Figs. 14, 15, 19, 20). 
Figs. 25, 26 show the internal structure of! 
such a region. The lips are formed of a 
few narrow, radially elongated and curved 
epidermal cells with very thick outer walls 
and thinner radial and inner walls. The 
epidermal cells beneath the groove remain 
unenlarged and unthickened and along 
with the underlying thin and small-celled 
tissue constitutes the stomium. 

Although the stomia extend along the 
greater length of the anther, below the tip | 
of the anther, the grooves become shal- _ 
lower and the lips merge with the general | 
epidermis ( Figs. 16, 21) though its cells | 
are quite distinctive especially in €. 
absus ( Fig. 27). Moreover, the epidermal ! 
cells lining the stomial grooves develop | 
rows of sutural hairs. The hairs originate | 
as papillate extensions of the epidermal 
cells at about the tetrad stage of the pol- 
len (Fig. 28). Papillae of the opposite |! 
margins elongate, criss-cross and in due : 
course become closely coiled round one 
another to form the sutural hairs. The 
hairs remain unicellular and uninucleate 
and contain a vacuolated cytoplasm and 
are thick-walled. 

For a short length of its base, the anther 
fails to differentiate either stomia or ı 
sutures ( Figs. 17, 18, 22). Instead there 
may be shallow lateral depressions or none | 
( Figs. 29-31). In either case, the epi- | 
dermis continues uninterrupted across the : 
septum. In C. absus a thin-walled tissue 
similar to the tissue of the stomia and the : 
sutural regions, exists at the junction of 
the septum and anther wall ( Fig. 31, r). 
But unlike in those regions, it lacks con- 
tact with the epidermis because the latter 
is little depressed or undepressed along 
this area. 

Adjoining pollen sacs of the two thecae 
fuse prior to dehiscence due to rupture ! 
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Fics. 23-32 — Fig. 28 refers to C. kleinit and Figs. 26, 27, 31, 32 to C. absus; the rest are 
f C. mimosoides (ch, chink; J, epidermal lips; 7, small-celled tissue in septum; se, septum; sr, 
emains of septum; sid, stomial depression; stg, stomial groove; sti, the stomium proper; yh, young 
utural hairs arising as papillate outgrowths of epidermal cells). Fig. 23. T.s. part of young un- 
lifferentiated anther. x 300. Fig. 24. T.s. part of older anther showing origin of a stomium as a 
ateral depression. x 300. Figs. 25, 26. T.s. part of unopened anther in the terminal region 
nagnified from Figs. 15 and 20 respectively. Fig. 25. X 300; Fig. 26. x 227. Fig. 27. T.s. part 
f anther lower down, magnified from Fig. 21. x 217. Fig. 28. T.s. part of young anther from a 
imilar region to show the origin of sutural hairs. X 567. Figs. 29-31. T.s. part of anther from 
yasal region to show absence of stomia as well as of sutures. Figs. 29, 30. x 300; Fig. 31. x 217. 
‘ig. 32: T.s. half of dehisced anther in the apical region; the lips have bent inwards and the 


hink is wide open. x 57. 
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Fics. 33-36 — Fig. 34 refers to C. absus; the rest are of C. mimosoides ( ch, chink; h, sutural 


hairs; vst, remains of the tissue of the stomium; sl, slit; sv, remains of the septum ). 


Fig. 33.1% 


T.s. half of dehisced anther in the apical region; the chink is wide open and the cells of the } 


lips are shrunken. x 154. 


Figs. 34, 35. T.s. part of anther showing the sutural region; the anther } 


wall has split to give rise to narrow slits but the sutural hairs are effectively holding the split edges f 


together. Fig. 34. x 250; Fig. 35. x 346. 


region. X 154. 


of the intervening septa. The actual 
dehiscence is brought about by the dis- 
organization of the stomial areas as a 
result of which the anther wall splits. 
However, openings for the escape of the 
pollen are formed only at the tip of the 
anther. Here, the split valves pull apart, 
apparently by a differential shrinkage of 


Fig. 36. T.s. part of anther in the basal undehisced” 


the epidermal cells, especially those con- 
stituting the lips, causing the formation of 
two gaping chinks through which the pol- 
len escapes ( Figs. 5, 6). InC. absus the 
lips shrink greatly and become bent in- 
wards (Fig. 32). In other cases the lips 


do not bend inwards in this manner, 


(Fig. 33). In the lower region of the‘ 


VENKATESH — DEHISCENCE OF ANTHERS OF CASSIA 


anther, the split edges of the wall are 
held together by the lateral rows of twisted 
and interlocked sutural epidermal hairs 
which prevent the escape of pollen laterally 
(Figs. 7, 34, 35). At its very base, the 
anther fails to dehisce on account of lack 
of stomial areas ( Figs. 3, 4, 36). 

In very old anthers, the sutural hairs 
dry out and the split edges of the wall may 
fall apart. However, this occurs only 
after much of the pollen has already es- 
caped apically and the anther is nearly 
empty. 


Discussion 


_ A unique feature of the anther in this 
subgenus is the association of special 
epidermal hairs with dehiscence. The 
stomia are long and linear and develop 
along the greater length of the anther 
excepting the very base. The anther wall 
dehisces along them as usual. But gaping 
chinks for the escape of pollen are formed 
only at the tip where on account of the 
shrinkage of the epidermal cells, especially 
of the stomial lips, the split valves pull 
apart widely. For the greater length of 
the anther, the split edges of the wall fail 
to part widely on account of the rows of 
closely coiled and interlocked epidermal 
sutural hairs which prevent the lateral 
escape of pollen. The very base of the 
anther does not develop either stomia or 
sutures and hence the anther wall in 
this region remains undehisced. 


Summary 


Unlike the subgenus Fistula, all anthers 
of the androecium of this subgenus are 
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alike in form, structure and dehiscence 
though they differ in their relative size. 
The anther is attached to the filament by 
its very base and, therefore, there are no 
thecal prolongations below the insertion. 
The apex of the anther is bilobed and 
mucronate. 

The vascular bundle of the connective 
is unbranched or it may divide into three 
traces. There is a slight time lag in the 
separation of the pollen grains in the 
anthers in the anterior and posterior posi- 
tions of the flower and also in anthers 
belonging to the two staminal whorls. 

The tapetum becomes amoeboid in later 
stages and the tapetal plasmodium in- 
trudes between the pollen tetrads. 

In this subgenus the anther wall is not 
as massive as in the subgenus Fistula. 
The hypodermis does not differentiate into 
a fibrous layer for an active role in de- 
hiscence. On the other hand, this layer is 
undifferentiated from the other under- 
lying layers and eventually disorganizes 
with them, so that it is the persistent 
epidermis which serves the mechanical 
function in dehiscence. In C. absus, a 
few scattered cells of this layer develop 
slender fibrous thickenings on their wall. 
Such thickenings were not seen in C. 
mimosoides and C. kleinit. In any case, 
it is apparently the differentially thick- 
ened epidermal cells that are the active 
hygroscopic components at the time of 
dehiscence. ; 

The special method of dehiscence of the 
anther and the structural peculiarities 
associated with it are described and dis- 
cussed. 

I am thankful to Professor P. Mahe- 
shwari for criticism and suggestions. 
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A FURTHER CONTRIBUTION TO THE MORPHOLOGY 
AND LIFE HISTORY OF CHROZOPHORA NECK. 


R. N. KAPIL 
Department of Botany, University of Delhi, Delhi, India 


The family Euphorbiaceae is well known 
for the various modes of development and 
organization of the embryo sac (see 
Maheshwari, 1942; Maheshwari & Johri, 
1941). The occurrence of a bisporic 
embryo sac in a genus other than Euphor- 
bia was reported for the first time by 
Srivastava & Agarwal ( 1953) in Chrozo- 
phora rottleri. A reinvestigation ( Kapil, 
1956; G. Sharma, 1956), however, did 
not substantiate this claim. A study 
of Chrozophora obliqua A. Juss. and 
C. prostrata var. parvifolia’ Klotsch ex 
Schweinf. was undertaken to ascertain if 
here too the development of the embryo 
sac and endosperm is similar. Apart 
from this the structure of seed and fruit 
have also been worked out. 


Materials and Methods 


Chrozophora obliqua was collected from 
Hauz Khas, Delhi, in August 1954 and 


1955, and C. parvifolia from the banks and ° 


dried beds of the Najafgarh canal during 
June 1954. The materials were fixed 
in formalin-acetic-alcohol and the usual 
technique of dehydration and imbedding 
was followed. Since the tomentum and 
abundant silvery scales present on the 
male flowers and ovaries did not permit 
proper infiltration, these were scraped off. 
In a few cases the ovaries were slightly 
punctured with a fine needle to overcome 
this difficulty. 

Young male flowers and ovaries were 
cut at 4-8 u, older ones at 8-12, and seeds 
and fruits at 12-14 microns. The sections 
were stained in iron-haematoxylin as well 


1. This plant has been described as Chrozo- 


phora parvifolia Klotzsch by Prain (1918) 
and will henceforth be referred to as such. 


12 


as in safranin and fast green. Whole }} 
mounts of embryo sacs cleared in lacto- 
phenol and dilute KOH, and stained 
with cotton blue facilitated a comparative 
study of endosperm and embryo. The 
seeds were softened for a week in 
50 per cent hydrofluoric acid ( diluted 
in 70 per cent alcohol) and dehy- 
drated through the tertiary-butyl al- 
cohol series. For the study of sclereids 
from the seed coat, Schultze’s technique 
of maceration (Chamberlain, 1901 ) was | 
employed. | 


Observations | 
Chrozophora obliqua is a small, erect, ! 
stellately tomentose herb having more or | 
less toothed, almost as long as broad, || 
alternate leaves which are densely hairy ! 
on both sides. The monoecious flowers | 
occur in short axillary racemes. On the 
other hand, C. parvifolia is a prostrate, 
woolly herb with leaves longer than broad, 
each having two glands at the base. 
FLOWER — The subsessile, tetra- or. 
pentamerous male flowers (Figs. 1, 2) 
arise on the upper part of the raceme. 
The petals are comparatively larger and 
alternate with the sepals ( Fig. 2). There 
are four to five stamens in Chrozophora 
obliqua (Fig. 3) and fifteen (in two 
whorls ) in C. parvifolia (Fig. 7). Their 
filaments unite below giving the androe- — 
cium a branched appearance. | 
The female flowers are pedicellate and 
situated below the male flowers. The 
gynoecium is tricarpellary, syncarpous 
and trilocular and the three short styles 
end in bifid lobed stigmas ( Figs. 5, 6, 8). 
Each chamber of the three-celled ovary 
contains a solitary ovule on an axile” 
placenta, 
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Fics. 1-8 — Floral morphology. Figs. 1-6. 
Chrozophora obliqua. Figs. 7, 8. C. parvifoha. 
(a, androecium; c, corolla; h, stellate hairs; k, 
calyx; p, perianth; s, scales). Figs. 1, 2. Male 
bud and open flower. x 4. Fig. 3. Five stamens 
with their filaments united into a column. X 5. 
Fig. 4. Petals opened out. x 5. Fig. 5. Female 
flower. x 4. Fig. 6. Mature fruit covered with 
peltate scales. x 4. Fig. 7. Fifteen stamens 
arranged in two whorls. x 5. Fig. 8. Mature 
fruit covered with stellate hairs. x 4. 


The calyx is clothed with stellate epi- 
dermal hairs (Figs. 1, 2). One of the 
epidermal cells undergoes a series of 
vertical divisions giving rise to five to 
twelve cells ( Figs. 9-14). These elongate 
appreciably and end in acute tips ( Figs. 
15, 16; Fig. 17 represents a cross-section ). 
While these changes are in progress, the 
hypodermal cell develops a six- to ten- 
celled stalk which raises the hair above 
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the general surface. Similar hairs also 
develop from the marginal cells in the 
middle region of the petals and due to 
their interlocking the corolla appears 
connate ( Fig. 4). The outer surface of 
the petals is, however, covered with pel- 
tate scales. The epidermal cells of the 
filaments of stamens become papillate but 
do not develop into hairs. Stellate hairs 
are also present on the ovary of C. parvi- 
folia (Fig. 8) but these are absent in 
C. obliqua ( Figs. 5, 6) where the ovary 
is clothed with stalked, silvery and 
peltate scales. 

MICROSPOROGENESIS AND MALE GAME- 
TOPHYTE — A multi-celled hypodermal 
archesporium differentiates in each lobe 
of the dithecous anther. The parietal 
layer is formed in the usual way and gives 
rise to the endothecium, a single middle 
layer and the glandular tapetum. The 
epidermal cells get flattened at the two- 
celled stage of pollen grains, the endo- 
thecium develops fibrous thickenings and 


Develop- 
ment of stellate hairs (explanation in text). 


SPATE 


Figs. 9-17 — Chrozophora obliqua. 


Fics. 18-23 — Chrozophora obliqua. 


Stages 
in development of the ovule. (Ay, hypostase; 
ti, inner integument; nb, nucellar beak; ob, ob- 
turator; ot, outer integument; s, style). x 120. 


the middle layer disorganizes during the 
enlargement of the microspores. The 
tapetal cells enlarge, become vacuolated, 
and their nuclei undergo mitotic division 
so that they become binucleate. 

The microspore mother cells undergo 
the usual reduction divisions and quadri- 
partition is brought about by centripetal 
furrows followed by wedges of the spe- 
cial mucilaginous wall. Tetrahedral, iso- 
bilateral and decussate tetrads are formed. 


PHY TOMORPHOLOGY | | 


The young microspores have binucleolater] 
nuclei and shedding occurs at the two--| 
celled stage. The exine is striated and |} 
shows six germ pores in C. obligua and) 
eight in C. parvifolia. Many pollen grains: 
contain only degenerated nuclei. 

In a mature anther the partition walls; 
separating the loculi break down at the’ 
two-celled stage of pollen grains. Th 5 
the adjacent pollen sacs become confluent} 
and dehiscence occurs by a longitudinal! 
slit. | 

OvuLE — The ovules are bitegmic, cras | 
sinucellate and hemianatropous. Figs, 18-4 
23 show progressive stages in the devel- 
opment of the ovule. The outer integu- | 
ment develops more rapidly and encloses 
the inner; the micropyle is formed by both 
the integuments ( Fig. 23 ). 

The parietal cells and the nucella 
epidermis? undergo repeated peri- and 
anticlinal divisions forming a prominent 
beak which protrudes beyond the micros 
pyle and meets the feebly developed, | 
placental obturator. The hypostase dif- 
ferentiates just below the embryo sac 
while the latter is still at the two-nucleate | 
stage ( Figs. 21, 22). It consists of richly | 
protoplasmic, densely staining cells which | 
gradually become thick-walled. The funi- | 
cular vascular supply extends only up to. 
the base of the hypostase. The nucellar! 
beak, obturator and hypostase are well 
developed at the mature embryo sac stage | | 
0 Ei8.923); | 

MEGASPOROGENESIS AND FEMALE 
GAMETOPHYTE — The hypodermal arche- | 
sporium consists of one to three cells | 


5 | 
2. G. Sharma (1956) failed to observe divi- | 
sions in the nucellar epidermis of Chrozophora \ 
rottleri. ! 
1 
| 


—" 
Fics. 24-38 — Chrozophora obliqua. Megas- ‘| 
porogencsis and female gametophyte. (3, 
inner integument; nb, nucellar beak; vi, outer 
integument ). Fig. 24. Young nucellus with 
archesporial cell. x 217. Fig. 25. Primary spo- 
rogenous cell. x 217. Figs. 26, 27. Megaspore © 
mother cells. x 217. Fig. 28. Dyad cells. X 
429. Fig. 29. Lower dyad cell in division. x 
429. Figs. 30-32. Triads. x 429. Fig. 338 
Functioning megaspore, the upper dyad cell 
is in telophase. x 429. Figs. 34-36. Two- and — 
four-nucleate embryo sacs. x 429. Figs. 37, 
38. Mature gametophytes. x 429. 
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Fics. 24-38. 


Figs. 24, 39). Due to the formation of 
xtensive parietal tissue the megaspore 


_mother cell. 


FrGs. 39-47 — Chrozophora parvifolia. Mega- 
sporogenesis and female gametophyte. Fig. 
39. Young nucellus showing sporogenous and 
parietal cells. x 473. Fig. 40. Megaspore 
x 473. Fig. 41. Dyad with upper 
cell degeneratiu.g. x 473. Figs. 42, 43. Triads. 
x 473. Fig. 44. Linear tetrad. x 473. Figs. 45, 
46. Two- and four-nucleate embryo sacs. x 473. 
Fig. 47. Mature gametophyte. x 473. 


mother cell becomes deep-seated ( Figs. 
25-27, 40 ). 

The megaspore mother cell undergoes 
Meiosis I resulting in two dyad cells 
(Fig. 28) of which the upper usually 
aborts (Fig. 41) before the lower has 
undergone Meiosis II. Occasionally, how- 
ever, it may remain healthy so that after 
the division of the chalazal dyad cell, a 
triad is produced (Figs. -29, 30, 42). 


AT À 


Fics. 48-57 — Chrozophora obliqua. Fertilization and endosperm. (ant, 
embryo; end, endosperm; hy, hypostase; ii, inner integument; pen, primary endosperm nucleus; 
pl, pollen tube; s, synergid; vs, vascular supply; z, zygote). Fig. 48. Organized embryo sac. x 340.. 
Fig. 49. Same, the egg apparatus has degenerated. x 340. Fig. 50. Lis. ovule showing porticn: 
of pollen tube. x 36. Fig. 51. Enlarged view of micropylar part of embryo sac and pollen tube = 
from Fig. 50. x 340. Figs. 52, 53. Fertilized embryo sacs. x 340. Figs. 54, 55. Embryo sacs s 
showing zygote and free nuclear endosperm. x 160. Fig. 56. Initiation of wall formation ini} 


endosperm at the micropylar end. x 160. Fig. 57. Embryo sac showing early heart-shaped embryo » 
and cellular endosperm, x 160. i 


antipodals; emb, „| 
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Fully formed tetrads of megaspores are 
rarely seen in Chrozophora obliqua ( Fig. 
33) but are of frequent occurrence in 
C. parvifolia (Fig. 44). The chalazal 
megaspore enlarges (Figs. 31, 32, 43) 
and its nucleus divides giving rise to a 
two-nucleate embryo sac with a promi- 
nent central vacuole ( Figs. 34, 45). Two 
subsequent divisions lead to the formation 
of four- and eight-nucleate gametophytes 
(Figs. 35-38, 46, 47) with the usual 
organization. The egg is situated between 
the synergids but rarely it may be lateral 
{ Fig. 37) and the polar nuclei come to lie 
just below the egg ( Figs. 48, 49). 


Fics. 58-63 — Chrozophora All 


obliqua. 
figures except Fig. 63 are diagrammatic; Figs. 
60 and 61 are from dissected whole mounts. 
(emb, embryo; end, endosperm; hy, hypostase ; 


nb, nucellar beak; vc, root cap.) Figs. 58-62. 
Embryo sacs showing stages in development of 
endosperm and embryo. x 16. Fig. 63. Por- 
tion of endosperm enlarged from a mature seed. 
x 189. 


Fics. 
opment of embryo. (vad, radicle; vc, root cap.) 


64-78 — Chrozophora obliqua. Devel- 


For explanation see text. Figs. 75-78 represent 
transections of the embryo at levels A, B, C and 
D, indicated in Fig. 74. Figs. 64-70. x 253. 
Figs. 71-78. x 27. 


FERTILIZATION — The pollen tube pene- 
trates through the nucellar beak and its 
tip swells after it has entered the embryo 
sac ( Figs. 50, 51). The synergids as well 
as the antipodal cells degenerate just 
before or soon after fertilization ( Figs. 
52, 53). Thus, the fertilized embryo sac 
shows only the zygote and the primary 
endosperm nucleus ( Fig. 53). The rem- 
nants of the pollen tube and the anti- 
podals may not be traceable. 

ENDOSPERM — The primary endosperm 
nucleus divides earlier than the zygote 
( Figs. 54, 55). The divisions seem to be 
synchronous only up to the 16-nucleate 
stage, after which they become irregular. 
In one embryo sac while the nuclei in the 
micropylar and chalazal regions were in 
resting condition, those in the middle part 
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were in metaphase or late telophase. 
The daughter nuclei get uniformly distri- 
buted along the periphery but some may 
aggregate around the embryo. 

When the embryo sac contains 100 or 
more endosperm nuclei, centripetal wall 
formation is initiated at the micropylar 
end ( Figs. 56, 57) and gradually extends 
downwards ( Fig. 58). By the time the 
embryo reaches the heart-shaped stage, 
two to three layers of endosperm surround 
a large vacuole ( Fig. 59). Subsequently, 
cellular endosperm fills up the entire 
embryo sac (Figs. 60, 61). In some 
ovules wall formation had been delayed 
at the chalazal end. The endosperm cells 
are more or less isodiametric and packed 
with starch and fat globules. However, 
the cells of the epidermal layer are longer 
than broad and are devoid of any food 
contents ( Fig. 63). 

EmBRYO — The development of the 
embryo has been studied only in Chrozo- 
phora obliqua. The zygote (Fig. 64) 
enlarges considerably and undergoes a 
transverse division ( Fig. 65 ) as is also the 
case in C. rottleri ( Srivastava & Agarwal, 
1953). The basal cell may now divide 
transversely or vertically ( Figs. 66-68 ). 
Figs. 66, 67 indicate that the terminal cell 
divides vertically and then undergoes 
another anticlinal division forming a 
quadrant (Fig. 67). The next division 
is transverse producing an octant ( Fig. 
69). The globular proembryo ( Fig. 70) 
gradually becomes heart-shaped ( Figs. 71, 
72) and the dermatogen, periblem and 
plerome become distinguishable. As the 
embryo grows it absorbs nourishment 
from the adjacent endosperm cells which 
show depleted contents. Figs. 73 and 74 
represent young and nearly mature 
dicotyledonous embryos. The embryo 
has well-developed vascular tissue ( Figs. 
75-78). There are four bundles in the 
radicle and hypocotyl whereas the cotyle- 
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dons show five bundles each which ramify 
profusely. 

TESTA — At first the outer as well as 
the inner integument consists of four to 
five layers of homogenous cells ( Figs. 79, 
85). Gradually, the inner epidermis of 
the outer integument and both the epi- 
dermal layers of the inner integument 
become richly cytoplasmic ( Figs. 80, 86 ). 
Soon after fertilization the cells of the 
inner epidermis of the outer integument 
broaden conspicuously ( Figs. 81, 82, 87, 
88). At the same time, on the funicular 
side, the apical cells of the outer integu- 
ment enlarge and proliferate giving rise 
to the caruncle. Asa result thereof the ob- 
turator becomes crushed. In the mature 
seed the outer integument persists as a 
soft, whitish membrane. 

The inner epidermis of the inner integu- 
ment acquires fibrous thickenings ( Fig. 
88), and before the embryo reaches the 
heart-shaped stage (Fig. 81) marked 
development also occurs in the outer 
epidermis of the inner integument. The 
cells elongate considerably and taper on 
the inner side. They become obliquely 
oriented ( Fig. 88 ) and their walls become 
highly sclerotic (Fig. 89) constituting 
the black, brittle, stony layer of the seed 
coat. However, the elongation of these 
cells is not uniform and the surface of the 
seed becomes ridged in the micropylar 
and chalazal regions. 

While the above changes are taking 
place, the intervening cells of both the in- 
teguments become flattened and crushed. 

PERICARP — Prior to fertilization the 
ovary wall consists of eight to ten layers of 
parenchymatous cells (Figs. 90, 91, 93, 
94). Subsequently, it differentiates into 
three distinct regions ( Fig. 92): the inner 
epidermis (fc, ); the palisade-like hypo- 
dermis (pc, ); and the rest of the tissue 
(pc, ) partly consisting of tangentially 
elongated cells; containing calcium oxalate 


Fics. 79-89 — Chrozophora obliqua. 


Seed and testa. 


(ca, caruncle; emb, embryo; end, 


endosperm; hy, hypostase; ii, inner integument; nb, nucellar beak; nu, nucellus; ob, obturator; 


oi, outer integument; vs, vascular supply. ) 


Figs. 79-82. L.s. ovules at megaspore mother cell, 


two-nucleate embryo sac, early globular and late heart-shaped stages of the embryo. x 25. 


Figs. 83, 84. Mature seeds with caruncle, front and side views. x 3. 


Figs. 85-88. Enlargements 


of portions of integuments and nucellus marked A-D in Figs. 79-82; in Fig. 88 the intervening tissue 


of the outer and inner integuments has not been shown. x 260. 


Fig. 89. Whole mount of the 


sclereids from outer epidermis of inner integument. x 260. 


AREA 


Fics. 90-94 Chrozophora obliqua. Fruit 
and pericarp. (it, inner integument; nb, nucel- 
lar beak; nu, nucellus; of, outer integument; 
Pci-s, different zones of pericarp.) Figs. 90, 
91. L.s. ovary at magaspore mother cell and 
two-nucleate embryo sac stage. x 40 and x 22. 
Fig. 92. T.s. ovary after fertilization. x 22. 
Figs. 93, 94. Enlarged views of ovary wall 
marked A and B in Figs. 90, 91. x 240. 


crystals. The vascular traces run in the 
last-named region. The outer epidermis 
bears numerous peltat escales in C. obliqua 
and stellate hairs in C. parvifolia. 

The peltate scale consists of a six to ten- 
celled stalk surmounted by an inverted 
saucer-shaped structure. The latter is 
made up of 40-60 extremely thick-walled 
radiating cells (Figs. 103-105). These 
scales may be compared with an open 
umbrella, with its central rod corres- 
ponding to the stalk of the scale, 
the spread-out-cloth to the flattened disc 
and the ribs of the umbrella to the 


—-> 
Fics. 95-105 — Chrozophora obliqua. Devel- 
opment of peltate scales. Figs. 104, 105. Dorsal 
and ventral views of a scale ( whole mounts ). 
Figs. 95-103. x 304. Figs. 104, 105. x 58. 
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much-thickened walls of the tapering 
cells. These miniature umbrellas over- 
lap one another and protect the fruit 
from desiccation. 

The disc of the peltate scale develops 
from an epidermal cell (Fig. 95) which 
divides vertically (Figs. 96, 97) and the 
daughter cells as well as their derivatives 
undergo repeated vertical divisions ( Figs. 
98-100). Later walls may be somewhat 
obliquely oriented and may not reach up 
to the centre of the disc ( Figs. 101, 102). 
Gradually its diameter increases, partly 
due to the addition of new cells and partly 
to their lateral elongation. | 

The hypodermal cells lying just below 
the disc undergo transverse divisions 
giving rise to a six to ten cells high stalk 
which raises the disc from the general 
surface. 

Similar scales have also been reported 
in Shepherdia canadensis and some Japa- 
nese species of Elaeagnus (see Cooper, 
2932). 

SEED AND FRUIT — The seeds of Chrozo- 
phora obliqua and C. parvifolia are endo- 
spermic and carunculate ( Figs. 83, 84). 
They appear dark brown to black in colour 
and have an uneven surface. At matu- 
rity, several layers of endosperm cells 
surround a single, massive, dicotyle- 
donous embryo ( Fig. 62). Most of the 
nucellus becomes consumed except two to 
three layers which persist as perisperm 
along with the whip-like remnant of 
the nucellar beak. The fruit is a three- 
lobed capsule of three hispid, bi-lobed 
cocci; each coccus contains a single seed 
gig. 92). 


Summary and Conclusions 


Chrozophora has monoecious flowers 
borne in short racemes. The tetra- or 
pentamerous male flowers are subsessile 
and crowded on the upper part of the in- 
florescence while the female flowers are 
pedicellate and situated in the lower part. 

The androecium consists of five stamens 
in Chrozophora obliqua and 15 in C. par- 
vifolia. Recently, K. D. Sharma (1955) 
pointed out that in C. tinctoria the “ anther 
wall consists of three layers of cells ’’ and 
the tapetum becomes two-layered. Ac- 
cording to my observations the anther 
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wall comprises the epidermis, fibrous endo- 
thecium, single middle layer and secre- 
tory tapetum becomes binucleate but not 
two-layered. According to G. Sharma 
(1956), in C. rottleri “the cells of the 
endothecium do not show any radial 
fibrous thickenings so _ characteristic 
of angiosperms’’. My preparations of 
C. obliqua and C. parvifolia, however, 
distinctly show such thickenings. The 
tetrads are tetrahedral, isobilateral, or 
decussate. The pollen grains are shed at 
the two-celled stage. 

The ovules are bitegmic, crassinucellate 
and hemianatropous. The massive nucel- 
lus forms a prominent beak which projects 
beyond the micropyle. K. D. Sharma 
considers the ovules of C. tinctoria to 
be tenuinucellate but remarks at the 
same time that the “ nucellus projects 
out of the micropyle in C. éinctoria 
to form a pronounced beak’’. The 
very fact that a well developed nucellar 
beak was observed clearly supports the 
occurrence of the crassinucellate condi- 
tion. 

As in C. rotlleri ( Kapil, 1956; G. 
Sharma, 1956), the development of the 
female gametophyte conforms to the 
Polygonum type. K. D. Sharma (1955) 
states that in C. tinctoria occasionally the 
Allium type also occurs in addition to the 
normal type of development. His des- 
cription is not only meagre but also lacks 
illustrations and is, therefore, not con- 
vincing. 

The development of the endosperm in 
C. obliqua and C. parvifolia is essentially 
similar to that in C. rottleri ( Kapil, 1955; 
1956). The free nuclear condition is 
followed by wall formation at the late 
globular or early heart-shaped stage of the 
embryo and eventually the entire endo- 
sperm becomes cellular. This further 
confirms my ( Kapil, 1956) earlier obser- 
vations on C. rottleri and it is clear that 
Srivastava & Agarwal (1953) were in- 
correct in pointing out that in this species 
the endosperm remains nuclear through- 
out. 

The first division of the zygote is trans- 
verse and occurs only after 32 endosperm 
nuclei have been formed. The embryo is 
typically dicotyledonous with broad coty- 
ledons, 
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The remnants of the nucellar beak and 
three to four layers of nucellus ( peri- 
sperm ) persist in the mature seed. The 
seed coat consists of the black, brittle, 
stony layer derived from the outer epi- 
dermis of the inner integument and is 
clothed by a membranous covering which 
represents the outer integument. From 
the outer integument also develops a 
prominent caruncle although Hooker 
(1885), Duthie (1915) and Gamble 
(1924) report the seeds of Chrozophora 
to be estrophiolate ( without a caruncle ). 
It seems that these workers missed the 
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caruncle either because they did not 
examine sufficiently mature seeds, or, as} 
it often happens, during dissections the? 
outer integument got peeled off along with) 
the caruncle. Another possibility is that! 
they examined dried material in which) 
case the caruncle would be shrivelled and 
unrecognizable. 

The pericarp bears numerous stalked 
peltate scales in Chrozophora obliqua and 
stellate hairs in C. parvifolia. | 

I am extremely grateful to Dr B. M. 
Johri and Professor P. Maheshwari, whe») 
kindly guided the present investigation. | 
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PROTOPLASMIC MOVEMENT IN POLLEN | 
GRAINS AND TUBES 


Y. IWANAMI 


Department of Botany, Yokohama Municipal University, Kanazawa, Yokohama, Japan | 


Following the demonstration of proto- 
plasmic movement in Chara by Corti in 
1774, a period of nearly two centuries 
elapsed before it was definitely known as 
to why the protoplasm moves in a living 
plant cell. During this long period proto- 
plasmic streaming has been observed in a 


number of plants (e.g. Datura, Erodium, 
Solanum, Allium and Avena ) and several 
hypotheses have been put forward to ex- 
plain this phenomenon. 

In his studies on the physiology of 
pollen the author found protoplasmic 
streaming to be characteristic of growing 
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Fics. 1-14 — Lilium auratum (cb, cap-block). Figs. 1-6. Pollen grains and young tubes 
representing agitation, circulation and rotation of protoplasm; near the cap-block the movement 
is always in the manner of a reverse-fountain. Figs. 5-6. Pollen grains showing a part in surface 
view. Figs. 7-10. Distribution of protoplasm in the pollen grain and different portions of a fully 

grown tube (from pollen grain end towards the tip ). Figs. 11-14. Same, showing direction of 


movement. 


Fics. 15-16 — L. auratum. : 
tion to the length of the tube ( observed in the portion adjacent to the grain ). 


protoplasmic streaming in different parts of the tube. 


Fig. 15. Graph showing rate of protoplasmic movement in relas 


Fig. 16. Rate ot 
That towards the tip is indicated by a solid 


line; that towards the pollen grain by a broken line. 


pollen tubes. A peculiar behaviour of the 
protoplasm was observed in the pollen of 
Lilium grown on artificial media, 


Experimental Methods 


Fresh pollen of Lilium auratum Lindl. 
was germinated on 1-5 per cent agar con- 
taining 10 per cent sucrose. The medium 
is heated in a test tube on a water bath 
until the agar completely melts. It is 
then flooded on a clean slide and allowed 
to cool for several minutes. The pollen 
is dusted with the help of a dry brush and 
the cultures are kept in moist chamber 
at 27°C. 

In order to follow protoplasmic move- 
ment, the cultures were examined under 
the microscope from time to time. Since 
the protoplasm is sensitive to changes in 
temperature, all observations were made 
at 26°-27°C. Péterfi’s micromanipulator 
was used for close operations on the pollen 
tube. 

The illustrations were drawn with the 
aid of a camera lucida; some were sketch- 
ed free hand. 


Observations 


The pollen absorbs water and swells 
soon after sowing on the medium, but 


germination starts only after about 80 
minutes, 

The first sign of protoplasmic movement 
in the pollen grain is ‘ agitation ’ ( Fig. 1} 
which gradually transforms into the 
streaming movement, called ‘ circulation | 
and‘ rotation ’ ( Figs. 2-6). The germinal 
furrow now splits and the intine elongates 


through this opening. Following germina- | 


tion, the granular contents (starch grains) 
of the pollen grain pass into the tube. 
Its tip always appears as a clear area as 


the protoplasm lacks the granular con- | 
This portion does not show any 
streaming and has been designated as the 


tents. 


‘“cap-block’ (Iwanami, 1952). It was 
noticed that the elongation of the tube 
ceases in those cases where the cap-block 
merges with the general cytoplasm. 

In earlier stages of growth, the proto- 
plasm of the pollen tube streams towards 
the tip along the wall of tube and turns 
back from near the cap-block ( Figs. 3-4, 
14). Inthe centre of the tube movement 
occurs in the reverse direction ( Fig. 3 ). 
From this time onwards the pollen tube 
becomes somewhat attenuated except 
near the tip. Because of the appearance 
of vacuoles in the pollen grain and the 
tube, the protoplasm now streams in the 
form of a narrow band along the wall 
of the tube. The movement towards the 
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Fics. 17-26 — Figs. 17-24 of Oenothera lamarckiana; Figs. 25, 26 of L. auratum. Figs. 17-24. 
Various types of branching in pollen tubes grown on normal culture media; note the polysiphonous 
condition in Figs. 17 and 19, and swelling of the young tube in Fig. 24. Fig. 25. Branched pollen 
tube (Lilium auratum) grown in medium containing 0-001 per cent 2, 4-D. Fig. 26. Young 
abnormal pollen tubes grown in media to which a solution of the pollen extract had been added. 


Fies, 17-26, 
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tip is along one side of the tube while the 
protoplasm travels back to the grain from 
the other side. However, near the tip of 
the tube streaming is in the usual way 
(Figs. 10, 11-14). Figs. 7-14 show the 
condition of the protoplasm in a 4-hours 
old tube. 
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Figs. 27-28. Protoplasmic movement in branched pollen tube. 
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Figs. 27-42 — L. auratum. 


Fig. 29. Branching of the protoplasmic stream ( see also Fig. 28 ). 
plasmic movement in branched pollen tubes ( Figs. 30-35 and Figs. 36-41 ) 


of cap-block before the elongation of the branch. 
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THE RATE OF PROTOPLASMIC MOVE: 
MENT — The movement of the protoplasm 
of the germinating pollen grains is not 
always uniform. The pollen tube gra 
dually elongates but its diameter usually 
remains restricted to about 15 micronss 
The graph in Fig. 15 indicates that | 
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Figs. 30-41. Two types of proto-- 
. Fig. 42. Formation, 
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Fics. 43-56 — L. auratum (cb, cap-block). Figs. 43-47. Peculiar protoplasmic streaming in 
he injured pollen tubes (explanation in text). Fig. 48. Tip of pollen tube showing plasmolysis 
nd receded cap-block, Figs. 49-56, Diagrammatic sketches showing formation of callose plugs. 
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rate of protoplasmic streaming changes The rate of streaming, which varies in 


in relation to the length of the tube, but different parts of the tube, was observ-4 
it becomes almost constant after the tube ed when it had grown to a length off 
has attained a length of about 2,000 about 2,200 microns. However, as far ass 
microns, Fig. 16 is concerned, the rate is uniform) 
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Fics. 57-63 — L. auratum (cp, call 
patches of protoplasm, resulting from t 
movement. Fig. 62. The p 
forms a membrane around it. 
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hroughout the tube except near the tip 
vhere the protoplasm returns back from 
he capblock and moves with an increas- 
d rate for some distance. 

BRANCHING OF THE POLLEN TUBE — 
srink (1924) observed branched pollen 
ubes in Cucumis on artificial media. 
larious types of branching of the pollen 
ubes of Oenothera lamarckiana (from a 
me hour old culture) are represented in 
‘igs. 17-24. The branching of the tube 
an be induced by artificial means even 
n the case of other plants with the addi- 
ion of chemicals like 2, 4-dichlorophe- 
‚oxyacetic acid or pollen extracts to the 
ulture medium ( Figs. 25-26). Figs. 27 
ind 30-41 show the streaming movement 
n branched tubes of Lilium auratum. In 
hese cases the cap-block appears adjacent 
o the tip before the elongation of the 
ranch ( Fig. 42). The branching of the 
rotoplast is frequently observed in old 
ubes ( Figs. 28, 29). 

BOTHER TYPES OF PROTOPLASMIC 
STREAMING — When a fully grown tube 
meets obstruction or becomes injured, 
ither in natural course or artificially, the 
rotoplasmic movement is markedly dis- 
urbed ( Figs. 43-48, 57-61). The stream- 
ng of protoplasm in a tortuous tube 
Fig. 43), and in another in which a 
allose plug is being formed, is noteworthy 
Fig. 44). Streaming movement in tubes 
vith various types of callose plugs is shown 
n’ Figs. 49-56. 

It is known that in a cell of Chara 
Dutrochet, 1837), which has been cut 
vith the help of a hair or a silk thread, 
he protoplasm survives for a long time. 
‘or such experiments with pollen tubes, 
he tubes were folded and separated from 
he pollen grains with the help of two fine 
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needles. Even in such injured tubes 
protoplasmic streaming is comparable 
with that in healthy tubes ( Figs. 43-47 ). 

When growing pollen tubes are trans- 
ferred from one culture to another of 
lower osmotic pressure, the tube shows 
plasmolysis and the cap-block recedes 
from the tip of tube but protoplasmic 
streaming continues (Fig. 48). If a 
portion of the protoplasm is isolated from 
a living tube, it survives for a long time 
and shows the same rate of protoplasmic 
streaming as that found in the tube ( Fig. 
62). This fragment of protoplasm orga- 
nizes a membrane around itself after 
10 hours ( Fig. 63 ). 


Summary 


The movement of protoplasm in the 
pollen grains and pollen tube of Lilium 
auratum, branching of pollen tubes in 
this and in Oenothera lamarckiana, and 
the effect of formation of callose plugs 
on protoplasmic streaming is briefly des- 
cribed. 

A distinct cap-block, which lacks gra- 
nular contents and does not show proto- 
plasmic streaming, differentiates at the 
tip of the pollen tube. The rate of proto- 
plasmic streaming changes with the elon- 
gation of the tube. Branching of the tube 
occurs naturally and can also be induced 
artificially by the addition of 2, 4-D or 
pollen extracts to the medium. Portions 
of protoplasm, isolated due to the forma- 
tion of callose plugs in the tube, carry on 
independent streaming. 

The author wishes to express his sincere 
thanks to Dr B. M. Johri, University of 
Delhi, for the help rendered by him in the 
preparation of this paper. 
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KLEISTOGAMIE UND ANTHERENBAU IN DER : 
HYDROCHARITACEEN-GATTUNG OTTELIA* | 


MARTHE ERNST-SCHWARZENBACH 


Institut fiir allgemeine Botanik der Universitat, Ziirich, Switzerland 


Einleitung und Herkunft des 
Materials 


Submerse Wasserpflanzen mit einge- 
schlechtigen Blüten zeigen in ihrer Blüten- 
biologie zahlreiche morphologische und 
physiologische Besonderheiten, die ihnen 
das Blühen und Fruchten in, auf oder 
über dem Wasser ermöglichen. Was- 
serpflanzen mit Zwitterblüten, die ihre 
Blüten nicht über die Wasserfläche em- 
porzuheben vermögen, steht eine andere 
Möglichkeit zur Sicherung von Bestäubung 
und Befruchtung offen: ihre Antheren 
können sich in der geschlossenen Blüte 
öffnen, so dass ihre Pollenkörner auf die 
eigene Narbe gelangen und dort keimen. 
Es ist dies die extremste Form der Selbst- 
bestäubung, die als Kleistogamie bezeich- 
net wird. Ihr Gegenstück, Bestäubung 
und Befruchtung in offener Blüte, deren 
Narben und Antheren nicht von der 
Blütenhülle eingeschlossen bleiben, wird 
als Chasmogamie bezeichnet. Obligate 
Kleistogamie ist relativ selten, da sie 
ununterbrochene Inzucht hervorruft. 
Häufiger ist ein Wechsel von Kleistogamie 
mit Chasmogamie innerhalb derselben 
Art, die dann zweierlei Blüten bildet, 
d.h. blütendimorph ist. Welcher Bestäu- 
bungsmodus an der einzelnen Pflanze 
realisiert wird, ist meist von den Um- 
weltsbedingungen abhängig. 

In den Jahren 1950-52 wurde durch 
das Botanische Museum der Universität 
mit Mitteln der Georges und Antoine 
Claraz-Schenkung in Zürich die “ Ex- 
pedition botanique en Nouvelle-Caledonie 
1950-52 Mission Franco-Suisse ’’ organi- 
siert. Teilnehmer waren Professor Dr A. 
Guillaumin ( Paris), Dr M. G. Baumann- 


anthropologie und Rassenhygiene, Zürich. 


*Ausgeführt mit Unterstützung der Julius Klaus-Stiftung für Vererbungsforschung, Sozial- 


Bodenheim (Zürich) und Dr H. Hiirlidl 
mann ( Winterthur ). Professor Dr A. U \ 
Däniker ( Zürich ), der in den Jahren 1924 
26 Forschungsreisen in Neu-Caledonienl 
und auf den Loyalty-Inseln unternommen! 
hatte, war der Initiant der Expeditions} 
Er hat seinen Mitarbeitern unter andern 


grosse, 
ovalifolia einzusammeln, die er schon arti 
seiner Reise gefunden hatte. Professohl 
Dr A. Ernst (Zürich ) hat Dr Hiirlimanm 
zudem gebeten, Schlammproben von Chas} 
raceen-Standorten zu schicken, um dere 
Sporen in Kultur nehmen zu können. 


Hürlimann eine Probe von Characeen-\ 
Schlamm an Pflanzen, die Professonf 
Guillaumin aus dem Niauli-Sumpf, Lai 
Ouamenié, Nähe Boulapari, gebrachti| 
hatte, welche das Ausgangsmaterial un-} 
serer Versuche enthielt. Herrn Dr Hürli-4 
mann und der Georges & Antoine Claraz-\l) 
Schenkung sei hiermit für die Beschaffung!) 
dieses schwer erhältlichen Materials unseril 
herzlicher Dank ausgesprochen. Herrn 
Dr Baumann-Bodenheim danke ich fiir) 
die Ermöglichung der Einsicht in das 
Herbar-Material der Expedition. 

Aus den in Zürich in Kulturgefässel 
gegebenen Schlammproben wuchsen aus-| 
ser Characeen zu unserer freudigen Ueber- 
raschung im Januar 1951 mehrere Pflan-4 
zen von Oftelia ovalifolia (R. Br.) C.i 
Rich. aus Samen hervor. Es ist dies4 
wahrscheinlich eine für Neu-Caledoniemi 
adventive Art aus Australien. i 

Eine zweite Art, Oftelia alismoides ( L.) 
Pers. wurde mir von Professor Dr W.; 
Koch (Zürich), dem ich hierfür auch 
herzlich danke, zur Verfügung gestellt.) 
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x hat sie 1952 unter diesem Namen 
eschrieben, jedoch später die Ansicht 
eaussert, die Pflanzen diirften wohl eher 
um Formenkreis der Oftelia japonica 
fiq. gehOren. Durch seinen plôtzlichen 
od konnte jedoch diese Nomenklatur- 
age nicht mehr mit ihm bereinigt 
rerden. 

Professor W. Koch hatte diese Ottelia 
ı norditalienischen Reisfeldern in der Um- 
ebung von Vercelli gesammelt, wo sie 
ffenbar mit Reis aus den asiatischen 
ropen oder Subtropen eingeschleppt 
rorden ist und nun massenhaft vorkom- 
ien soll. Die Pflanze ist im Gegensatz 
ur perennierenden Offelia ovalifolia ein- 
ihrig, doch überwintern ihre Samen in 
talien in den Reisfeldern. 

Im Oktober 1952 sandte mir Mr J. B. 
illett von der Kenya/Ethiopia-Boundary 
ommission eine Ottelia Frucht aus Kenya 
nd verschiedenes Material einer Lagaro- 
phon, für die ich ihm meinen besten 
dank ausspreche. Die Samen der Ofteha, 
eren Frucht derjenigen von Ottelia ovali- 
ha sehr ähnlich war, keimten gut, doch 
ar es trotz aller Anstrengungen nicht 
16glich die Keimlinge, die schon mehrere 
lättchen gebildet hatten am Leben zu 
rhalten. Aehnlich erging es den erhal- 
enen Lagarosiphon Pflanzen. 

Für die Aufnahmen der lebenden Ob- 
»kte auf Abb 2-8 möchte ich Herrn Dr A. 
ruhin, Technischer Assistent am hiesigen 
nstitut, und für die Herstellung der 
Jauerpräparate meiner frühern Assis- 
entin Frl. F. Buss herzlich danken. 


Ottelia ovalifolia (R. Br.) C. Rich. 


(a) KULTURVERSUCHE UND BEDIN- 
UNGEN DER BLÜTENBILDUNG — Die aus 
er Schlammprobe von Neu-Caledonien 
ervorgewachsenen Pflanzen von Ottelia 
valifolia wurden im Mai 1951 zum Teil 
ı Gläser auf Erde versetzt, zum Teil in 
ässer im Versuchsgarten ausgepflanzt. 
n den folgenden Jahren wurden, ausser 
en Reserve-Kulturen in Gläsern. im 
nstitutsgang vor Südwest-Fenstern, im- 
1er mehrere Fässer im Sommer im 
reien bepflanzt und im Winter im nur 
renig beheizten Gewächshaus gehalten. 
m Jahre 1956 verblieben zwei Fässer auch 
nn Sommer im ungeheizten Gewächshaus, 
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um festzustellen, ob dies auf die Blüten- 
bildung einen Einfluss hat. 

Die jungen Pflanzen von Ottelia ovali- 
folia haben bandförmige Blätter, etwas 
ältere bilden sodann in Glaskulturen nur 
2-3 cm lange, in den Fässern wesentlich 
grössere ovale Blattspreiten, die in unsern 
Kulturen an langen Stielen auf der 
Wasseroberfläche ausgebreitet schwim- 
men. Voll ausgewachsene etwa 40 cm 
hohe Pflanzen haben dunkelgrüne ovale 
Blattspreiten von meist etwa 7, aber auch 
bis 10 cm Länge und 2-3 cm Breite, mit 
brauner Musterung zwischen den Blattrip- 
pen. Doch wird dieses Entwicklungs- 
stadium sowohl in Zürich in Kultur als, 
wie aus dem Expeditions-Herbarium zu 
sehen ist, offenbar auch am tropischen 
Standort in Neu-Caledonien nur von 
wenigen Pflanzen erreicht. Die weitaus 
überwiegende Zahl der Individuen bleibt 
in ihrer Entwicklung zurück; ein Teil 
wird, je nach Tiefe des Wassers 30-40 cm 
hoch, viele aber bilden um die grösseren 
Pflanzen herum einen Rasen von nur 2-10 
cm hohen Pflänzchen. 

Die kleinen 4-10 cm hohen Pflanzen mit 
ihren nur 1-3 mm breiten Bandblättern 
sind aber nicht etwa Jugendformen, 
denn sie bilden bereits Früchte und Samen, 
und zwar sowohl in Gläsern als im 
Freien in Fässern. Solche winzige, aber 
fortpflanzungsfähige Pflänzchen finden sich 
auch im von Dr H. Hürlimann und Dr 
Baumann-Bodenheim gesammelten Her- 
barmaterial, kommen also auch am tropi- 
schen Standort vor. Ob sie auch in der 
australischen Heimat der Art vorkommen, 
konnte noch nicht in Erfahrung gebracht 
werden. 

In den Kulturgläsern im Institutsgang 
und in den Fässern im Freien traten 
zuerst die gestielten Früchte auf. Das 
scheinbare Fehlen von Blütenhülle und 
Antheren liess erst apomiktische Fort- 
pflanzung vermuten. Die Untersuchung 
der Früchte ergab jedoch, dass persi- 
stierende Pollenschläuche aus den Mikro- 
pylen der bereits Embryonen enthaltenden 
Samen herausragten, eine bei Hydrocha- 
ritaceen häufige Erscheinung, die Mahesh- 
wari & Johri 1950 beschrieben haben. 

Im Verlauf der Kulturversuche hat 
sich gezeigt, dass O. ovalıfolia im Stande 
ist zweierlei Blüten zu bilden, chasmogame 
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und kleistogame. Die grossen, weithin 
leuchtenden chasmogamen Blüten  ent- 
standen in unseren Kulturen nur in 
Fässern im Freien. Im Jahre 1951 bil- 
dete sich nur eine solche Blüte, im Som- 
mer 1952 aber an zusammen 11 Pflanzen 
deren 40. Erst im Jahre 1956 entstanden 
wieder an einer Pflanze F30 m eine 
chasmogam voll entfaltete und eine stark 
reduzierte Blüte. 

Alle chasmogamen Blüten, die in Zü- 
rich entstanden sind, wurden in Tab. 1 
mit dem Datum ihrer Anthese eingetra- 
gen: 
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Die erste chasmogame, aber noch sehif 
reduzierte Bliite, Abb. 5, wurde am 17 

Juli aufgenommen. (vergl. vorletzte | 
Kolonne von Tab. 1). Ihre Kronblätterf 
Antheren und Narben sind verklebt unch 
liegen vor dem mittleren hinteren Kelch: | 
blatt, heben sich aber in der Abbildungf 
nicht von ihm ab. Nächste A 

Blüte war die nur noch ganz schwach un 

symmetrische Blüte Abb. 3 vom 19. Jul 
1952. Voll entwickelt war die nächste 
chasmogame Blüte vom 22. Juli 1952, 
( vergl. 3. Kolonne Tab. 1), die in Abb. 5 

dargestellt ist. Eine Frucht aus eine 


| 
TAB. 1 AN OTTELIA OVALIFOLIA IN ZÜRICH ENTSTANDENE CHASMOGAMER 
BLÜTEN ER 
| 
PFLANZE JAHR JE EINE VOLLKOMMEN AUSGEBILDETE ZAHL JE EINE REDUZIERTE ZAHL. 
No. BLÜTE AN FOLGENDEN TAGEN DER BLÜTE AN DER À 
BLÜTEN FOLGENDEN TAGEN BLÜTEN$! 
F 25v 1951 30. VII 1 Ed = 
F 25v 19520097 Vil; 24° VIE 27 Vile 20 Le 10 17. VIL A9 NAT 
A, VILE FN ILL, Tis VILE, 20) VTT, 14. VIII < 
26. VIII, 5. IX. ti 
F 25h 1952 4. VIII 1 — — $ 
F 251 1952 007: VITE 1 12V WU AT 4 VAE 2 i 
F 231 19527. 5. Vili 6: VEIL 29V 3 2. VIII, 14. VIII 2 
F 23v 1952. A VELTA TINTE IIND Tec 4 — fi 
F 23h 1952 8. VIII 1 5. VIII 1 | 
F 21h 1952 19. VITE 720 VIE 26, VIER oe Le 4 —— a { 
F 21v 1952 20. VIII, 26. VIII 2 — — ; 
F 14v 1952 oo = 19. VIII 1 
F 14h 1952 26. VIII, 5. IX 2 19. VIII 148 
Atom 1952 aay BU 1 SV LLL 1 ! 
F 30m 1956 7.1X 1 AUX 1 
12 Pflanzen 31 Blüten 12 Blüter | 
i 


In den 3 Jahren sind zusammen 31 
vollentfaltete und 12 reduzierte, aber doch 
noch chasmogame, d.h. sich 6ffnende 
Blüten an im ganzen 12 Pflanzen ent- 
standen, und zwar in der Zeit vom 17. 
Juli bis zum 24 September. Ganz be- 
sonders “ bliihwillig’’ war die Pflanze 
F 25v, die schon am 30. Juli 1951 eine 
chasmogame Blüte gebildet und im Jahre 
1952 gar 10 voll entwickelte und 3 re- 
duzierte Blüten entfaltet hat. Von ihr 
stammen die Abb. 2-6. 

Abb. 6 ist die Frucht einer kleistoga- 
men Blüte, die vor den chasmogamen 
entstanden ist. Die Frucht wurde am 9. 
Juni 1952 geerntet und fotographiert. 


chasmogamen Blüte derselben Pflanze 
stellt die Abb. 4 dar, die am 21. Augus 
1952 aufgenommen wurde. 

Alle andern Pflanzen haben chasmo: 
game Blüten nur in den Jahren 1952 unc 
1956 und nie mehr als deren 5 hervorge-f 
bracht, wozu allerdings im Jahre 1952 
noch einige wenige Knospen kommen 
die zur Untersuchung fixiert wurder 
und von denen nicht feststeht, ob sie 
voll chasmogam oder etwas reduzier 
waren. 

Im Frühsommer und zum Teil auch i 
Herbst, als es kühler wurde, entstander 
zudem an all diesen Pflanzen zahlreichef 
kleistogame Blüten. 
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| 
In den Sommern 1953-56 wurden zum 
Teil dieselben Pflanzen, zum Teil andere 
wieder in Fässern im Freiland in Kultur 
. genommen, doch bildeten sie, ausser den 2 
Blüten vom 7. und 24. Sept. 1956, nie 
‚mehr chasmogame, wohl aber zahlreiche 
‚kleistogame Blüten. Der Juli 1951 war 
warm gewesen, und der grösste Teil des 
Sommers 1952 zeichnete sich durch sehr 
‚sonniges, warmes Wetter aus, während 
die Sommermonate der Jahre 1953-56 in 
Zürich ausgesprochen kühl und regnerisch 
waren. 

Es lag somit nahe, den Modus des 
 Blühens mit Licht oder Temperatur in 
' Verbindung zu bringen, denn in unseren 
‚ Versuchen entstanden immer und überall 
kleistogame, aber, ausser im September 
1956, nur bei sehr warmem, sonnigem 
Wetter und nur während des Hochsom- 
mers chasmogame Blüten. 

In den Gewächshauskulturen vom Som- 
mer 1956 entstanden jedoch ebenfalls 
keine chasmogamen Blüten, ja die vege- 
tative Entwicklung dieser Pflanzen blieb 
sogar hinter derjenigen der Freilandkul- 
turen desselben Sommers zurück. Eine 
geringe Erhöhung der Temperatur bedeu- 
tet somit keine Förderung der Bildung 
chasmogamer Blüten. Möglicherweise ist 
eine Verstärkung der Besonnung von 
grösserem Einfluss, denn im Gewächshaus 
ist die Belichtung geringer als im Freien. 
Zudem blühten im Sommer 1952 auch im 
Freien die Pflanzen, welche am längsten 
der Besonnung ausgesetzt waren, am 
häufigsten. Für systematische Versuche 
fehlten die Möglichkeiten, doch dass hohe 
Temperatur und starkes Licht nicht 
immer Chasmogamie hervorrufen, ergibt 
sich schon daraus, dass die Expedition in 
Neu-Caledonien Pflanzen mit kleistoga- 
men Blüten gesammelt hat. 

Es müssen wohl noch andere Bedin- 
gungen eine Rolle spielen: Das Alter der 
Pflanzen scheint nicht massgebend, denn 
die Pflanze, die im Sommer 1951 eine 
chasmogame Blüte gebildet hat, war in 
ihrem ersten Vegetationsjahr, sie stammte 
aus einem Samen von der Schlammprobe 
vom Dezember 1950. Von den Pflanzen, 
die im Sommer 1952 chasmogame Blüten 
gebildet haben, waren deren 10 in ihrem 
zweiten Vegetationsjahr, denn sie stamm- 
ten alle aus im Winter 1950/51 gekeimten 
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Samen von derselben Schlammprobe. 
Eine Pflanze aber, F 12 m, die zwei chas- 
mogame Blüten gebildet hat, nahm ihren 
Ursprung in einem Samen aus einer 
kleistogam gebildeten Frucht vom Herbst 
1951, war also in ihrem ersten Vegetations- 
jahr. Diese Pflanze zeigt zudem, dass 
chasmogame Blüten nicht nur an Pflanzen 
entstehen, die direkt aus Samen vom 
tropischen Standort stammen und auch 
nicht nur aus Samen von chasmogam 
entstandenen Früchten. 

In den Jahren 1953-56 enthielten die 
Kulturgefässe viele zweijährige Pflanzen, 
die nie chasmogame Blüten bildeten. 
Dass, mit Ausnahme der 2 Blüten aus dem 
Jahre 1956, chasmogame Blüten nie an 
mehr als zweijährigen Pflanzen gefunden 
wurden, liegt wohl am witterungsbeding- 
ten Ausfall der Bildung chasmogamer 
Blüten in den Jahren 1953-56. 

Ein weiterer Umstand konnte nur 
teilweise abgeklärt werden: chasmogame 
Blüten werden nur von grossen vegetativ 
üppig gedeihenden Pflanzen gebildet. 
Doch diese können nur entstehen, wenn 
nicht, wie dies bei spontaner Vermehrung 
meist der Fall ist, allzu viele Samen dicht 
nebeneinander keimen und einen niedern 
Rasen bilden. Um chasmogam zu blühen 
braucht eine Pflanze reichlich Raum, und 
zwar Bodenraum, nicht nur Raum im 
Wasser. Aber auch diese Bedingung war 
mehrmals realisiert, ohne dass sich chas- 
mogame Blüten gebildet hätten. Von 7 
grossen Pflanzen im selben Fass hat im 
Sommer 1951 nur eine chasmogam ge- 
blüht. Von den 4 Pflanzen im Fass 25 
haben im Sommer 1952 nur drei: v, h und 
l chasmogam geblüht, von den je 5 Pflan- 
zen von F 23 und F 21 haben nur drei, 1, 
v und h resp. 2, h und v, von den 4 
Pflanzen von F 14 deren 2 und von den 9 
Pflanzen von F 12 hat nur 1 chasmogam 
geblüht. Von je 9 Pflanzen in den Fäss- 
ern—F 11 und F 22 hat keine chasmogam 
geblüht. Die Pflanze von 1956 war eine 
von 6 im gleichen Fass. Wohl haben, 
je mehr Pflanzen in einem Fass von ca. 
60 cm Durchmesser standen, desto weniger 
chasmogam geblüht. Alle diese Pflanzen 
hatten aber reichlich Platz, um sich voll 
entwickeln zu können. Trotz diesen 
gleichartigen Bedingungen haben nicht 
alle chasmogam geblüht, 
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Fest stehen somit nur zwei allgemeine 
Bedingungen fiir die Bildung chasmoga- 
mer Blüten: 

1. miissen die Pflanzen reichlich Boden- 
raum haben, um sich vegetativ stark 
entwickeln zu können, und 

2. muss das Wetter sehr sonnig sein; 
eine Bedingung, welche für die 2 Blüten 
von 1956 allerdings nicht zutrifft. 

Die Zwergpflanzen, die nie eine ovale 
Blattspreite bilden, werden aber, auch 
wenn sie in grossem Abstand in den 
Fässern stehen, nie zu voll ausgewachse- 
nen Pflanzen, die chasmogame Blüten 
bilden können. Dazu eignen sich nur 
relativ rasch gewachsene grosse Pflanzen. 
Da die Zwerge zwerghaft bleiben, muss 
doch irgend ein innerer Unterschied 
zwischen den Individuen vorhanden sein, 
welcher über die Fähigkeit chasmogame 
Blüten zu bilden entscheidet, aber noch 
nicht abgeklärt ist. Die genaueren Be- 
dingungen, welche statt der häufigen 
kleistogamen die selteneren chasmogamen 
Blüten entstehen lassen, konnten somit 
noch nicht abgeklärt werden und lassen 
sich wohl auch im Klima des natürlichen 
Standorts einfacher und sicherer fest- 
stellen. 

Sehr viel grösser, aber auch je nach 
Individuum verschieden, ist die Zahl der 


kleistogamen Blüten, die eine Pflanze 
jährlich erzeugen kann. Während die 
Blütenstiele der chasmogamen Blüte, 


dem Wasserstand entsprechend schon zur 
Zeit der Anthese etwa 40 cm lang sind, 
werden die der kleistogamen Blüten sehr 
stark reduziert. Die kleistogame Blüte 
sitzt zur Zeit ihrer Befruchtung immer 
ganz am Grunde der Pflanze in der Achsel 
einer Blattscheide drin. Beim Heran- 
reifen der kleistogam entstandenen Frucht 
wächst dann, sofern es sich um nicht 
extreme Reduktionen handelt, der Stiel 
heran und trägt die Frucht höchstens bis 
unter den Wasserspiegel, meist aber nur 
etwa 10 cm über den Grund empor. Die 
kleineren ( Abb. 7) und die kleinsten nur 
noch 2-4 mm grossen Früchtchen bleiben 
ungestielt. 

In Zürich entstehen kleistogame Knos- 
pen und Blüten zur Hauptsache in den 
Monaten Juni bis September, ausnahms- 
weise wohl auch zu andern Jahres- 
zeiten, 
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(b) KLEISTOGAMIE UND REDUKTION| 
DER ORGANE DER BLÜTEN — Der Dimor-: 
phismus der Blüten dieser Art ist sehr‘ 
stark ausgeprägt. Die chasmogame Blüte‘ 
(Abb. 2 und 3) hat drei zugespitzte! 
Kelchblätter, drei leuchtend weisse Kron- 
blatter mit dunkelviolettem Schlund von 
3-34 cm Länge und ebensolcher Breite, 10, , 
in drei Gruppen stehende 14 cm lange: 
dunkelchromgelbe Staubblätter, deren, 
dicke Filamente 4 cm lang und deren: 
Antheren vierfächerig sind. Zwischen den: 
Staubblättern liegen drei grosse Nektar-. 
drüsen. Im Zentrum der Blüte stehen 2! 
hellchromgelbe Narbenäste von je 1$ cm. 
Länge. Die Blüte zeigt alle Merkmal»: 
typischer Entomophilie, auch wurde ini 
Zürich vereinzelter Insektenbesuch beo- 
bachtet. Die abnorm erscheinende Zahl! 
der Staubblätter und Narbenäste wurde: 
an allen untersuchten Blüten beobachtet, 
dürfte aber an mehr Material doch vari- 
ieren und damit zeigen, dass diese Organe 
schon in der chasmogamen Blüte in ihrer 
Ausprägung etwas labil sind. 

Alle genannten Organe sitzen auf dem 
obern Rande des falschen coenocarpen 
Gynoeceums, das in seinem obersten 
sterilen Teil, der vom Griffelgewebe innen 
ausgekleidet ist, als “ Hals ” bezeichnet 
wird. Das Gynoeceum besteht aus dreii 
Karpellen, die im Blütenboden eingesenkt 
und mit diesem verwachsen sind, deren) 
Ränder aber im obersten Teil frei sind, , 
Im Halsteil liegen gruppenweise Zellen, , 
die sich durch Grösse und Plasmagehalt! 
von ihrer Umgebung auszeichnen und 
Drüsenfunktionen vermuten lassen. Das- 
selbe gilt von den deutlich als sezernie-- 
rende Schicht ausgeprägten äussersten ı 
Zellen der Plazentarwülste der Frucht- 
knotenwand. Vom 3-3} cm langen 
Fruchtknoten entfallen in chasmogamen 
Blüten zur Zeit der Anthese 1°5 cm auf! 
den fertilen Teil, 15-2 cm auf den 
sterilen Halsteil. 

Nicht alle chasmogamen Blüten ent-- 
sprechen dieser Beschreibung. Viele zei-- 
gen Reduktionen verschiedener Starke: 
und Ausprägung, die stufenweise bis zu! 
Kleistogamie führen. Stark reduzierte, } 
sich aber doch noch öffnende Blüten i} 
(Abb. 5) sind oft schon im Knospensta- : 
dium bestäubt und befruchtet worden, 
Bei der späteren Anthese sind Antheren! 
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und Narben verdorrt. Geringere Ab- 
weichungen erfassen zunächst nur die 
obern Teile der Blüte. Erste Anzeichen 
einer Reduktion äussern sich in den 
asymmetrisch werdenden Kronblättern 
(Abb. 3) und in Verkrüppelungen von 
Staubblättern und Narbenästen, die da- 
durch zum Teil wohl funktionsunfähig 
werden. Die Organe, die zur Anlockung 
von Insekten geeignet sind und durch den 
Uebergang zur Kleistogamie ihre Bedeu- 
tung verlieren, werden zuerst und am 
stärksten reduziert. Wesentlich langsa- 
mer werden die untern Teile der Blüten, 
der fertile Teil des Fruchtknotens und 
damit auch die Zahl der Samenanlagen 
erfasst. 

Starke Reduktionen zeigen die kleisto- 
gamen Blüten, die eine ganze Skala von 
Reduktionsstufen durchlaufen, deren Re- 
sultat etwa 4 cm-—den chasmogam 
entstandenen ähnliche — bis nur noch 
etwa 4 mm lange Früchte sind. Die 
kleineren Zwergformen erfahren somit 
sowohl in der Grösse der Frucht als in 
ihrer Gesamtgrösse eine Reduktion bis 
auf ungefähr ein Zehntel der chasmogam 
blühenden Pflanzen, wie dies die Abb. 4, 
6 und 7 zum Teil wiedergeben. 

Schnittpräparate junger Früchte erga- 
ben, dass das unscheinbare kleine Spitz- 
chen von 1-4 mm, das die bis mehrere cm 
lange Frucht apikal abschliesst ( vergl. 
Abb. 6, 9) reduzierte Antheren mit ausge- 
keimten Pollenkörnern, kleinen Narbenäs- 
ten und einer stark reduzierten Blüten- 
hülle enthält. Kelch und Krone, die oft 
nur noch aus je zwei Blättchen bestehen, 
bilden eine feste Hülle um die winzigen 
Antheren und Narbenäste; Nektardrüsen 
werden nicht mehr gebildet. Diese An- 
theren sitzen nur selten mehr auf kurzen 
Filamenten und bestehen nur noch aus 
zwei anstatt aus 4 Lokuli oder Pollen- 
säcken. Wie die Zahl der Pollensäcke 
reduziert wird, lässt sich aus einem 
Zwischenstadium zwischen Kleistogamie 
und Chasmogamie erkennen: die Antheren 
haben zwar noch 4 Lokuli, doch ist das 
Septum zwischen den Lokuli derselben 
Theke nur noch ganz schwach entwickelt. 
Es wird somit je Theke nur noch ein 
Pollensack gebildet. Die kleistogamen 
Blüten enthalten, je nach ihrem Reduk- 
tionsgrad, eine ganz verschiedene Zahl 
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von Pollenkörnern und Samenanlagen. 
In grossen Blüten sind sie sehr zahlreich. 
In einer kleinen, nur 7-8 mm langen 
Frucht fanden sich in den beiden Theken 
der einen Anthere etwas mehr als ein 
Dutzend entleerte Pollenkörner und nur 
etwa halb so viele nahezu reife Samen. 
Da die Zahlen der Pollenkörner und 
Samenanlagen gleichermassen abnehmen, 
handelt es sich nicht um eine Sterilität des 
einen Geschlechts sondern um eine gleich- 
mässige Reduktion aller Teile der Blüte. 

Jede Blüte, ob chasmogam oder kleisto- 
gam, sitzt in einer Scheide, die mit der 
Frucht wächst und an grösseren Früchten 
dicke Wülste über den Rippen bildet. 

Auch an Herbarmaterial ist leicht und 
einwandfrei festzustellen, welche Früchte 
chasmogam und welche kleistogam ent- 
standen sind, wie aus den Abb. 4 und 6-F 
zu ersehen ist. Chasmogam entstandene 
(Abb. 4) tragen auf dem langen Halsteil 
aus der Scheide herausragend die drei 
grossen Kelchblätter, die bis zum Zerfall 
der Frucht erhalten bleiben, während die 
kleistogam entstandenen Früchte ( Abb. 6 
und 7) an dem kleinen Spitzchen von 1-5 
mm Länge zu erkennen sind, welches von 
den verdorrten reduzierten obern Blüten- 
teilen gebildet wird. Das Spitzchen 
bleibt, äusserlich intakt, auf und mit der 
reifenden Frucht fest in der Scheide einge- 
schlossen, die sich beim Zerfall der Frucht 
zugleich mit dieser auflöst. Der Halsteil 
des Fruchtknotens misst in kleistogam 
entstandenen Früchten meist nur noch 
wenige Millimeter. 

Im Herbst und den Winter hindurch 
keimen die Samen von beiderlei Früchten 
in sehr grosser Zahl. Die Samen schwim- 
men mit den zerfallenen und verquollenen 
Wänden der Frucht im Wasser und erst 
die Keimlinge sinken, wenn sie mehr als 
ca. 1 cm lange Blättchen haben, auf 
den Grund. Manche, besonders kleinere 
kleistogam entstandene Früchte zerfallen 
allerdings erst im Frühjahr und deren 
Samen keimen nur selten. 

Im Winter bleiben die Pflanzen klein 
oder werden wieder klein, indem ihre 
grossen Blätter verfaulen und an deren 
Stelle nur noch kleine bandförmige Blät- 
ter entstehen, um anfangs des Sommers 
wieder grosse Blätter mit ovalen Blatt- 
spreiten zu bilden. 
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(c) DIE DEHISZENZ DER ANTHEREN UND 
DIE KEIMUNG DES POLLENS — Der Bau 
der Antherenwand der beiden Bliitentypen 
zeigt in jungen Stadien keinerlei Abnor- 
mitäten. In den beiderlei Bliiten von 
Ottelia ovalifolia wird, wie dies bei den 
Hydrocharitaceen die Regel ist, die Tape- 
tenschicht zum  Periplasmodium. Die 
Kerne wandern zwischen die sich ent- 
wickelnden Pollenmutterzellen und werden 
im Verlauf der Pollenentwicklung zum 
Teil resorbiert. Das Plasma ist in grossen 
Mengen vorhanden und diirfte auch zur 
Zeit der Reife den Inhalt der Pollensäcke 
sehr feucht halten, da nicht nur in kleisto- 
gamen, sondern auch in chasmogamen 
Blüten die Pollenkörner in den Antheren 
zu keimen vermögen, wenn sie auch aus 
diesen nicht vor der Dehiszenz austreten. 

Die Wand der reifen Antheren und 
deren Dehiszenz ist in den beiden Formen 
sehr verschieden. Die reifen Antheren 
der chasmogamen Bliiten werden extrors, 
d.h. durch ungleiches Wachstum des 
Konnektivs werden die Lokuli vor der 
Anthese auf die von den Narbenästen 
abgewandte Seite des Staubblatts ab- 
gedreht. Die Antherenwand ist, am Kon- 
nektiv beginnend, zweischichtig, wobei 
die innere Schicht, das Endothezium, 
leicht fibrös sein kann, wie es in Abb. 1 
dargestellt ist. In andern Blüten kann 
aber diese innere Schicht auch ganz frei 
von Fibern sein. Im abgebildeten An- 
therenquerschnittsind die Fibern dünn und 
zart und nicht in allen Zellen deutlich 
erkennbar; von ungefähr der Hälfte der 
Wand an sind sogar alle Zellen frei von 
Fibern, worauf eine kurze Strecke drei- 
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ABB. 1 — Querschnitt durch die eine Theke: 
einer Anthere einer chasmogamen Blüte vomi 
Ottelia ovalifolia. Der eine Pollensack ist berei 
durch einen Längsriss aufgesprungen. 


schichtiger Wand mit relativ weitlumigen 
Zellen folgt. Bei ihrem Uebergang in das 
Septum hat die Wand nur zwei Schichten 
dünner Zellen, die bei der Dehiszenz 
zerreissen, so dass sich die Pollensäcke mit 
Längsrissen öffnen. Dieses Aufreissen 
dürfte nur zum Teil auf die Wirkung der 
schwach entwickelten fibrösen Schicht 
und ihren Kohäsionsmechanismus, weit 
eher wohl auf Turgorschwankungen in den 
weitlumigen Zellen und durch diese be- 
dingte Spannungen zurückzuführen sein, 
wobei auch Verquellungen der Zellwände 
eine Rolle spielen mögen. 

Die Antherenwand kleistogamer Bliiten} 
besteht ebenfalls aus zwei, manchmal wohl 
aus drei Schichten, die aber nie fibrös sind. 
Antheren und Narbenäste liegen dicht 
zusammengepresst in dem geschlossen 


ABB. 2-8 — Abb. 2-7. Blüten und Früchte von Oftelia ovalifolia. 


Abb. 8. Ottelia alismoides. 


Abb. 2. Offene, vollkommen entwickelte chasmogame Bliite der Pflanze F 25 v in Seitenansicht 
22.7.1952. x1. Abb. 3. Offene chasmogame Blüte der Pflanze F 25 v von oben. Die weissen Kron- 
blätter sind nicht alle ganz regelmässig entfaltet. Vom. violetten Saftmahl heben sich die gelbe 
Antheren und Narbenäste ab. 19.7.1952.x1. Abb. 4. Reife, chasmogam entstandene Frucht vo 
F 25 v. Die Scheide hat dicke, glatte Längswülste, die Kelchblätter bleiben erhalten. 21.8.1952. x 1. 
Abb. 5. Stark verkümmerte, aber doch noch als chasmogam zu bezeichnende Blüte der Pflanz 
F 25 v. Die Kelchblätter sind nahezu normal, die Kronblätter sehr klein, liegen mit Narben und 
Antheren vor dem mittleren Kelchblatt ( hier unsichtbar, weil verklebt ). 17.7.1952. x 1. Abb. 6. 
Mittelgrosse, reife kleistogam entstandene Frucht von F 25 v. Zuoberst in der Scheide das 
kleine Spitzchen, in welchem die reduzierte Blütenhülle die winzigen Staubblätter und Narben- 
äste auch nach der Befruchtung noch eingeschlossen hält. Frucht gestielt. 9.6.1952. x 1. Abb. 7. 
Kleine, reife, kleistogam entstandene Frucht, die in einer Blattachsel, ganz am Grunde eine 
kleinen, aber nicht zwerghaften Pflanze sitzt. In der Scheide das sehr kurze Spitzchen. 9.6.1952. 
x 1. Abb. 8. Blüte von Offelia alismoides. Ueber der Scheide mit ihren gewellten und gefliigelten: 
Rippen der Halsteil, Kelch und Krone. 19.7.1952. x 1. 
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bleibenden Spitzchen. Die Pollensäcke 
der kleistogamen Blüten sind intrors, 


d.h. sie liegen nach innen, so dass die 
Narbenäste und die Wände der Pollen- 
säcke in sehr enge Berührung kommen. 
Die Narbenäste wachsen ( Abb. 9) wäh- 
rend der Reife der Pollenkörner zwischen 
den Antheren empor und zum Teil über 
diese hinaus, bis sie apikal an die re- 
duzierte, geschlossene Blütenhülle stossen. 
In Abb. 9 ist das Gewebe unterhalb der 
oberen Lokuli wachsendes Narbengewebe. 
In ihrer Nähe verändert sich die Wand 
der Antheren, ihre Zellen schrumpfen und 
zerfallen, so dass nur noch Reste von 
Zellkernen und Zellwänden zu sehen sind 
(Abb. 10). Die Zellwände zerfallen 
offensichtlich vor den Zellkernen, die 
noch längere Zeit sichtbar bleiben. 
Die Pollenkörner kommen dadurch in 
direkte Berührung mit den Narben- 
papillen, worauf sie ihre Schläuche 
bilden, die durch die Narben-und Griffel- 
gewebe wachsen. 

Es ist bekannt, dass bei manchen 
Kleistogamen die Antherenwand von den 
Pollenschläuchen durchwachsen wird. Für 
verschiedene Viola-Arten wurde dies von 
Goebel ( 1904) und M. A. Madge ( 1929 ) 
beschrieben. In diesen Fällen wachsen 
aber die Pollenschläuche ausschliesslich 
durch die für die normale Oeffnung der 
Antherenwand vorgebildeten Stellen, was 
bei O. ovalifolia nicht der Fall ist. 

Der Zerfall der Antherenwände von 0. 
ovalifolia beginnt vor der Keimung der 
Pollenkörner,- denn in der Anthere in Abb. 
11 haben sie noch nicht gekeimt, und 
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auch die Periplasmodienkerne sind noch 
nicht aufgelöst. Es kann sich also 
nicht darum handeln, dass die Pollen- 
schläuche die Antherenwand auflösen und 
dann durchwachsen. In den Abb. 10 
und 12 ist zudem deutlich zu sehen, wie 
die Narbenpapillen in die Lokuli, deren 
Wände grösstenteils aufgelöst sind, hinein- 
wachsen. 
entleert; 


ein Teil 


gebenen Blüte noch im Griffelkanal 


während in zahlreichen Samenanlagen die 


Befruchtung vor kurzem stattgefunden 
hat. 
Frucht enthalten die Samen bereits Em- 
bryonen. 

Die Reihenfolge 


der Erscheinungen 


d.h. die Kombination von (1) Berührung. 


der Antherenwand durch die Narben und 
ihr Sekret mit (2) Auflösung der Antheren- 


wand vor der Keimung des Pollens, lässt 


es als äusserst wahrscheinlich erscheinen. 
dass die Narben die Antherenwand auflö- 
sen, hier also eine weitere Form der 
Antherendehiszenz zu beobachten ist. Ob 
der Kontakt der Narben direkt eine 


Verquellung der Wände bewirkt, welcher | 


der Verfall folgt, oder ob das Narbensekret 
die Antherenwand nur reizt und diese sich 
dann autonom auflöst, konnte natürlich 
nicht abgeklärt werden. 

Ganz ähnlich dürfte sich Cardamine 
chenopodifolia verhalten. Auch hier 
scheint die Auflösung der Antherenwand 
auf den Einfluss des Narbensekretes 
zurückzuführen zu sein. Gorczynski 
schreibt 1930 im französischen Résumé 


ABB. 9-12 — Schnitte durch kleistogame Blüten von lOttelia ovalifolia. 
Die Narbenäste drängen sich 
Antheren, deren Pollen noch nicht ganz reif ist. x 145. 
ein Spitzchen in dessen Antheren der Pollen bereits gekeimt hat. 


durch ein Spitzchen 


sind leer und geschrumpft. 
aufgelöst ist, hinein. 


— 


Abb. 9. Langsschnitt 
innerhalb der Bliitenhiille zwischen die 
Abb. 10. Teil eines Langsschnittes durch 
Pollenkörner und Pollenschlauche 


Die langen Narbenpapillen ragen in den Pollensack, dessen Wand 
Das Septum ist links noch gut erhalten. x 145. Abb. 11. Querschnitt durch 


Narbe und Pollensack einer Anthere mit nahezu reifen, aber noch nicht gekeimten Pollenkörnern. 


Neben diesen liegen unregelmässig geformte Periplasmodienkerne. 
dessen ausserste Zellen kurz und dick und noch nicht papillenférmig sind. 


Links ist Narbengewebe, 


Die Antherenwand 


ist in der Mitte des Bildes, dort wo sie das Narbengewebe berührt in Auflösung begriffen; es 


sind keine Zellwande und nur wenige Kerne mehr zu sehen. 


Oben, wo die Antherenwand nicht 


von der Narbe beriihrt wird, sind ihre Kerne und Zellwande noch erhalten, wenn auch geschrumpft. 


600. 


Pollenkörner enthält. x 290. 


Abb. 12. Querschnitt durch ein kleineres Spitzchen. 
wandten Teile der Antherenwand (rechts in Bild) sind erhalten. 
wandten Wandteile (links im Bild) sind aufgelöst. 
einer eine lange Papille in den Pollensack vorgetrieben hat, der nur noch entleerte, geschrumpfte ! 


Die von den Narbenästen abge- 
Die den Narbenästen zuge- 
Oben und links liegen Narbenäste, deren 


Die Pollenkörner sind bereits 
der Pollenschlauche — 
befindet sich in der in Abb. 10 wiederge- ' 


In der in Abb. 12 wiedergegebenen | 
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seiner polnisch geschriebenen Arbeit von 
einer ‘disparition locale des parois des 
antheres ” ferner von “...la dégénéres- 
cence des parois et méme la résorption 
totale du coté du stigmate...” und 
erwähnt zudem, dass dieser Auflösungs- 
prozess vor der Keimung der Pollenkörner 
stattfinde. Auf Taf. XX, No 2 zeichnet 
er, ganz ähnlich unsern Abbildungen, 
einen Querschnitt durch eine Anthere 
während der Pollenkeimung. Recht lange 
Narbenpapillen ragen in die Lokuli hinein 
und nur ein sehr kurzes Stück Antheren- 
wand ist erhalten geblieben. 


Ottelia alismoides (L.) Pers. 


Die Pflanzen von Oftelia alismoides 
wurden vom Oktober 1951 an auf Erde in 
Gläsern im Gang des Instituts vor Süd- 
westfenstern gehalten und erstmals im 
Juni 1952 in einen Trog im Freien aus- 
gepflanzt. Dessen Wasserstand konnte 
so geregelt werden, dass die Blüten, deren 
Stiele sich dem Wasserstand nicht an- 
passen, über Wasser kamen und die 
Kronblätter sich ausbreiteten. Die im 
Freien gebildeten Früchte entlassen durch 
Zerfall ihre Samen, die auf dem Grund des 
Trogs, nur leicht von Laub und Wasser 
bedeckt, überwintern und jedes Jahr im 
Frühsommer wieder zu neuen Pflanzen 
heranwachsen. Selbst der kalte Februar 
1956 vernichtete nicht alle Samen, wenn 
auch nur wenige zur Keimung gelangten. 

O. alismoides ist in ihren vegetativen 
Organen sehr verschieden von O. ovali- 
folia. Sie hat breit-ovale Blätter, die nur 
kurz gestielt sind, dichte, grundständige 
Rosetten bilden und nie auf der Wasser- 
fläche schwimmen. Die Scheide, in 
welcher je eine Blüte sitzt, hat geflügelte, 
mehr oder weniger stark gewellte Rippen, 
wie Abb. 8, zeigt. 

Alle Blüten leiten Entfaltungsbewe- 
gungen ein, doch wenn der Wasserstand 
höher ist als die ganzen Pflanzen, mit 
ihren nur bis 10 cm langen Blütenstielen, 
bleiben die Kronblätter durch den Druck 
des Wassers kuppelförmig geschlossen, so 
dass kein Wasser in die Blüte hinein- 
gelangt. Ragen die Blüten bei niedri- 
gerem Wasserstand an die Luft, können 
sich die 1-2 cm langen weissen bis leicht 
violett getönten Blütenblätter zu einer 
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eigentlichen Anthese mit freiliegenden | 
Antheren und Narben ausbreiten. Die 
Antheren aber sind, ganz gleichgültig ob 
sich die Blüte noch öffnet oder nicht, 
bereits in der Knospe aufgegangen. Ihre 
Dehiszenz ist unabhängig von der Entfal- 
tung der Blüten und wenn diese sich 
öffnen, sind schon Pollenschläuche im 
Griffelgewebe des Blütenhalses zu finden, 
eventuell kann auch die Befruchtung Æ 
schon vollzogen sein. Aus diesem Grund 'f 
war es leider nicht möglich zu Bastardie- 
rungsversuchen die zahlreichen Blüter 
von QO. alismoides mit dem Pollen der 
seltenen chasmogamen Blüten von © 
ovalifolia zu bestäuben. Die Emaskula- | 
tion ihrer Blüten musste so früh erfolgen, 
dass die beschädigten Knospen sich nicht 
mehr weiter entwickelten. 

Die Blüten von O. alismoides sind in 
keiner Weise dimorph und die Blüten- 
hülle zeigt keinerlei Reduktionserscheinun- » 
gen. Die blassvioletten Blütenblätter 
haben zwar kein leuchtendes Saftmal, das. 
die Insekten anlocken könnte, doch sind 
drei Nektardrüsen regelmässig vorhanden. 
Die 6 hellchromgelben Staubblätter und 
die 6 Narbenäste sind durch die Pol-. 
lenschläuche der gekeimten Pollenkörner 
miteinander verklebt. 

Die Antheren aller Blüten können 
gewisse Reduktionserscheinungen zeigen. 
Statt 4 Lokuli sind oft nur deren zwei 
oder drei vorhanden. Im ersteren Falle 
liegen sie auf derselben Seite des Kon- 
nektivs, gehören also derselben Theke an 
und nicht wie bei O. ovalifolia verschie- 
denen Theken. Die Lokuli reissen in 
Längsrichtung auf, und da sie dicht neben 
den Narbenästen liegen, wachsen die Pol- 
lenschläuche durch die Risse auf die 
Narbe hinüber, deren Papillen in Reihen 
angeordnet und von besonderer Länge 
sind. Ein fibröses Endothezium der An- 
therenwand wurde nie beobachtet. Die 
Zellen der Antherenwand sind zum Teil 
mehr oder weniger isodiametrisch, gross 
und turgeszent, zum Teil schmal und 
langgestreckt. Das Septum besteht aus 
grosslumigen Zellen, die noch im Innern 
offener Antheren als eine Reihe prall 
turgeszenter grosser Zellen sichtbar sind. 

Blüten, die sich unter Wasser nicht 
voll entfalten können, kommen bei Hy-. 
drocharitaceen häufig vor. Bei Elodeæ 


1956] 


‚canadensis und E. occidentalis sind die 
Antheren der männlichen Blüten ebenfalls 
‚schon in der Knospe offen, wie 1945 darge- 
stellt wurde. Da diese Bliiten aber einge- 
schlechtig sind, kann es in den Knospen 
nicht zur Bestäubung kommen. 

Kleistogame Bliiten müssen herma- 
 phroditisch sein. Ch. Darwin hatte 1877 
den Begriff der Kleistogamie sehr eng 
| gefasst: nur Blüten die sich nie auch nur 
| teilweise öffnen, bezeichnete er als kleisto- 
gam. Goebel definierte sie 1904, S. 673 
als “ Blüten, welche sich nicht öffnen, 
eigentümliche Rückbildungserscheinungen 
bestimmter Teile, namentlich der Blumen- 
krone zeigen und trotzdem Samen an- 
setzen ” und in seiner Organographie III. 
3. Auflage S. 1970 kiirzer als Blüten 
“bei denen die Befruchtung innerhalb 
der geschlossen bleibenden Bliitenknospe 
aa sich geht ”. Andere Autoren fassen 
den Begriff weniger eng. Wylie hat 1917 
‚bei Heteranthera dubia einen, dem der 
Otielia alismoides ähnlichen Fall beo- 
‚bachtet: die Blüten, die er als kleistogam 
‚bezeichnet, öffnen sich nicht, oder falls 
isie sich öffnen, wachsen in diesem Zeit- 
‚punkt auch bereits schon die Pollenschläu- 
che durch die Griffel. Wylie vertritt den 
‚Standpunkt, auch solche Blüten müssten 
als kleistogam bezeichnet werden, obschon 
‚die Blüten sich später noch öffnen, da eben 
ihre Bestäubung doch in der Knospe 
‚erfolgt. Auch Uphof zählt 1938 Heteran- 
thera dubia zu den Kleistogamen. Ob 
man Blütendimorphismus, Rückbildung 
der Blütenhülle und durchwegs geschlossen 
‚bleibende Blüten als Bedingungen für die 
Bezeichnung einer Blüte als kleistogam 
‚machen soll, erscheint fraglich. Dass die 
Blüten durchwegs schon im Knospen- 
‘stadium bestäubt und befruchtet werden, 
ist doch das Hauptkriterium. Wenn man 
‚den Bestäubungsmodus von Heteranthera 
dubia und Ottelia alismoides nicht als 
Kleistogamie im engern Sinn bezeichnen 
will, so muss dieser Bestäubungsmodus, 
die Knospenbestäubung, doch als Ueber- 
gangsstadium zur Kleistogamie aufgefasst 
werden, denn spontane Fremdbestaubung 
der sich entfaltenden aber bereits bestaub- 
ten Blüten erscheint äusserst unwahr- 
scheinlich. 

Ob .O. alismoides obligat in der Knospe 
bestäubt wird, ist allerdings fraglich. 
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Wohl war es in unserm Material der Fall, 
doch wäre es wohl möglich, dass am 
natürlichen Standort auch Fremdbestäu- 
bung erfolgen kann. Islam (1950) be- 
zeichnet O. alismoides, die er wohl am 
natürlichen Standort beobachten konnte, 
nur als protandrisch. 


Der Bau der Antherenwand der 
Hydrocharitaceen 


Die verschiedenen Mechanismen, wel- 
che die Dehiszenz der Antheren be- 
wirken, sind noch keineswegs abschlies- 
send geklärt. Der Kohäsionsmechanismus 
des fibrösen Endotheziums der normalen 
Angiospermenblüte, in welchem durch 
Verdunstung des Füllwassers die Verdick- 
ungen zu einander gezogen werden bis die 
Wand zerreisst, ist längst bekannt. Doch 
die Kenntnis der Turgormechanismen und 
anderer Möglichkeiten ist erst sehr lücken- 
haft. Explodiflorae, Wasserpflanzen und 
Kleistogame sind biologische Gruppen, 
bei welchen vom normalen Typus des 
Kohäsionsmechanismus abweichende mor- 
phologische Einrichtungen und physiolo- 
gische Bedingungen besonders häufig sind. 
So hat Staedtler schon 1923 auf die Re- 
duktionserscheinungen in der Ausbildung 
fibröser Schichten in den Antheren solcher 
Pflanzen hingewiesen. Sowohl das Leben 
im Wasser als die Kleistogamie reduzieren 
die Möglichkeiten der Dehiszenz durch 
einen Kohäsionsmechanismus, weil die 
Antherenwände durch die Feuchtigkeit 
ihrer Umgebung—bei Kleistogamen der 
Umgebung im Innern der Knospe — nicht 
austrocknen können. Verquellungen der 
Zellwände sind hier besonders häufig. 
Da Staedtler 1923 die Hydrocharitaceen, 
abgesehen von einer Bemerkung über die 
noch sehr wenig bekannten und sehr selten 
blühenden Halophila-Arten, nicht berück- 
sichtigt hat, seien zum Vergleich mit den 
Verhältnissen bei Oftelia noch einige Anga- 
ben über den Antherenbau anderer, von 
uns zum Teil 1945 bereits beschriebener 
Gattungen und Arten zusammengestellt. 

Die auf Tab. 2 eingetragenen Gattungen 
und Arten entlassen ihren Pollen, mit 
Ausnahme von Halophila, nicht unter 
Wasser. Ihre Antheren öffnen sich entwe- 
der in einer Gasblase im Innern der Blüte, 
wie schon für die beiden Elodea canadensis 
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TAB. 2 BESTAUBUNGSMODUS EINIGER HYDROCHARITACEEN 
HYDROCHARITACEEN — ART POLLENUBERTRAGUNG ANTHEREN FIBRÖSES | 

OFFNEN SICH ENDOTHE- 
IN ZIUM | 
‘ +, f chasmogam entomophil Luft Z. Teil + | 
dodo: fete kleistogam ene es Knospe | / 
Ottelia alismoides in der Knospe Knospe = | 
Xystrolobos yünnanensis entomophil Luft Z. Teil -=8 
Hydrocharis morsus ranae entomophil Luft = | 
Enalus acoroides hydrophil über Wasser Luft — 
Vallisneria spiralis re : x à + j 
Lagarosiphon muscoides me x Ai % _ 
Hydrilla verticillata en i explodiflor Sr _ | 
Elodea canadensis M z.T. auf, z.T. über Luft. oder _ | 
Wasser Gasblase _ N 
Elodea occidentalis ; auf Wasser _ en u } 
Elodea densa entomophil 7 eH _ À 
Halophila ovalis hydrophil unter Wasser Wasser — 4 


und occidentalis erwähnt, oder sie öffnen 
sich in der Luft, indem die Blüten ent- 
weder über den Wasserspiegel emporge- 
hoben werden, wie z.B. von Elodea densa 
oder Hydrocharis morsus ranae oder auf 
dem Wasser schwimmen, wie bei Lagaro- 
siphon muscoides und Vallisneria spiralis. 

Eine Untersuchung der Struktur der 
Antherenwand unseres Materials hat erge- 
ben, dass die meisten Arten keine fibrôse 
Schicht haben. Am ehesten wäre eine 
solche bei den Blüten zu erwarten, die 
weit aus dem Wasser herausragen und 
deren Blütenbiologie sich von derjenigen 
von Landpflanzen kaum unterscheidet, 
so bei Xvystrolobos yünnanensis, Ottelia, 
Hydrocharis morsus ranae und Elodea 
densa. In unserm gepressten und fixierten 
Material von Xystrolobos yünnanensis 
Gagneb., das wir im See von Yünnan-fu 
1930 gesammelt haben, und das Herr 
Professor Dr A. U. Däniker ( Zürich ) 
in verdankenswerter Weise für uns 
bestimmt hat, bildet nur ein Teil der 
Blüten Antheren mit fibrösen Zellen, und 
auch in diesen ist nur ein Stück des Endo- 
theziums fibrös, ein ebenso grosser Rest 
besteht aus dünnwandigen Zellen. Bei O. 
ovalifolia haben, wie geschildert, nur die 
chasmogamen Blüten und auch von die- 
sen nicht alle eine fibröse Schicht, während 
die Antheren von O. alismoides in unserm 
Material keine fibrösen Zellen aufweisen. 
Murthy schreibt 1935 allerdings nur, dass 
sich das Endothezium der Antherenwand 


von O. alismoides nicht gut entwickle und 
zeichnet eine diinne Schicht undeutlicher, 
kleiner Zellen. Die kleineren, aber doch 
deutlich über den Wasserspiegel ragende 
Blüten von Hydrocharıs morsus ranae, und 
die oft unter Wasser sich entfaltenden, 
aber geschlossen bleibenden Blüten von 
Elodea densa haben ebenfalls keine fib- 
rösen Schichten in ihren Antheren- 
wänden. 

Manche Wasserpflanzen gehören zu- 
gleich noch anderen Gruppen an. Sor 
Hydrilla verticillata die zugleich noch eines 
Explodiflore ist. Ihre Blütenbiologie und 
den Bau ihrer, von Fibern freien Antheren- 
wand haben wir bereits 1945 beschrieben. 
Sowohl Anthese als Dehiszenz beruhen auf 
Turgoränderungen. 

Sehr auffallend war das Vorkommen 
einer stark entwickelten fibrösen Schicht! 
bei einer vom Wasserpflanzenhandel be- 
zogenen Vallisneria spiralis. Die Wand 
der reifen Antheren besteht nur aus 
dieser einen Zellschicht, die als Endo- 
thezium zu bezeichnen ist, denn über den 
Septen sind noch Reste der früh zerfallen- 
den Epidermis zu sehen, wie sie Staedtler 
(1923) bei verschiedenen Arten fest- 
gestellt hat. Rangasamy beschreibt 1934 
bei seiner Vallisneria spiralis ein ““ Exo- 
thezium ” mit Wandverdickungen, die 
er in Oberflächenansicht und im Quer- 
schnitt zeichnet. Sie sind aber wesentlich 
weniger kräftig als die starken langen, 
Fibern im Endothezium unserer Pflanzen, | 


Dass Vallisneria spiralis ein fibröses 
En dothezium hat, ist umso auffallender, 
als die nahe Verwandte Lagarosiphon 
jmuscoides, deren Blüten ganz ähnlich über 

ie Wasserfläche getragen werden, in ihren 
therenwänden keine fibröse Schicht 
eigt, wie auch die ebenfalls auf dem 
Wasser schwimmenden Blüten von Elodea 
adensis, E. occidentalis und Hydrilla 
jerticillata keine fibrösen Antherenwand- 
schichten haben. Enalus acoroides von 
wedelius ( 1904 ) und Troll ( 1931 ) unter- 
sucht, hat männliche Blüten, die von den 
weiblichen eingefangen werden und ihren 
im Innern der weiblichen Blüten, 
in einer Luftblase auf die Narben 
bertragen. Auch die Antheren dieser 
Art haben keine fibrösen Antherenwand- 
schichten. 
| Die Reduktion der fibrösen Schicht bis 
zu ihrem totalen Ausfall scheint demnach 

ei den Hydrocharitaceen weit verbreitet. 
Alle auf dem Wasser schwimmenden 3 
Blüten der hydrophilen Arten, aber 
1 die Blüten der entomophilen Arten, 

e nach der Anthese mit dem Wasser 
aum mehr in Berührung kommen, zeigen 
eduktionserscheinungen. Einzige Aus- 
scheint nach den vorliegenden 
intersuchungen Vallisneria spiralis zu 
seit 
"In Bezug auf den Dehiszenzmechanis- 
mus können wir, den Vergleich abschlies- 
send feststellen, dass: 
© (1) Die Endothezien der Arten mit 
keduzie fibröser Schicht relativ zarte 
ünne Fibern haben und zudem nie das 
banze Endothezium bis zur Aufriss-Stelle 
in fibrös ist; dazwischen liegt immer eine 


en haben und meist recht weitlumig 
Dex Oeffnungsmechanismus dieser 
intheren dürfte nur teilweise, — wenn 
en erhaupt — auf Kohäsionsmechanismen 
deruhen. 

(2) In der Dehiszenz der Antheren ohne 
öses Endothezium sind die wichtigsten 
egungskräfte wohl Turgorschwankun- 
m in den dünnwandigen, meist weitlumi- 
sen Zellen. Da die Anthese der männli- 
che Blüten dieser Hydrocharitaceen 
nur bei Insolation erfolgt, dürften diese 
[urgoränderungen auf Veränderungen 
les Zellinhalts unter dem Einfluss der 
| pts À zurückzuführen sein. Oftelia 


| 
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alismoides mit ihrer Bestäubung in einer 
nur lose geschlossenen Knospe diirfte 
demselben Dehiszenzprinzip folgen. 

(3) Ottelia ovalifolia, als einzige im 
engern Sinne kleistogame Hydrocharita- 
cee, scheint in ihren dicht geschlossen 
bleibenden Blüten die Dehiszenz der 
winzigen Antheren auf ganz andere Weise 
zu vollziehen. Im harten kleinen Spitz- 
chen, das zudem in der Scheide einge- 
schlossen bleibt, ist eine Verdunstung 
kaum möglich, so dass keine Kohä- 
sionskrafte entstehen und sich auswirken 
können. Es könnte wohl sein, dass hier 
die Antherenwand verquillt, wie dies 
Staedtler ( 1923, S. 104) für verschiedene 
Wasserpflanzen geschildert hat, falls das 
reichlich vorhandene Periplasmodium den 
dazu nötigen Schleim aussondert. Dass 
die Auflösung der Antherenwand aus- 
schliesslich an den von den Narben 
berührten Partien, und zwar zum Teil an 
andern als den vorgebildeten Stellen vor 
sich geht, deutet jedoch darauf hin, dass 
die Narbenzellen mit ihrem Sekret die 
Auflösung der Antherenwand direkt oder 
indirekt bewirken und damit den keimen- 
den Pollenkörnern den Zugang zu den 
Narben, Griffelgeweben und Samenanlagen 
ermöglichen. 


Zusammenfassung 


Vor Ottelia ovalifolia kommen fort- 
pflanzungsfähige Individuen in Grössen 
von 40 cm, mit ovalen langgestielten 
Blättern, bis zu Zwergpflanzen von nur 
4 cm Höhe mit bandförmigen Blättchen 
vor. Sie zeigt einen ausgeprägten Blü- 
tendimorphismus. Die grossen bunten 
chasmogamen Blüten deuten auf Ento- 
mophilie hin. In den kleistogamen Blüten 
sind Bliitenhiille, Antheren und Nar- 
benäste zu einem kleinen dauernd geschlos- 
sen bleibenden Spitzchen reduziert, das 
auf dem um ein Vielfaches grössern Gynoe- 
ceums sitzt. Auch an den reifen Früchten 
ist das Spitzchen noch äusserlich unver- 
ändert zu erkennen und unterscheidet sie 
von den chasmogam entstandenen mit 
ihrem langen Hals und den Kelchblättern. 
Beide Formen bilden zahlreiche, sehr 
leicht keimende Samen. 

Der Bau der Antheren und ihre 
Dehiszenz sind sehr verschieden. Die 
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Antherenwand der chasmogamen Formen 
hat neben diinnwandigen, weitlumigen 
Zellen oft ein reduziertes fibröses Endothe- 
zium und Öffnet sich, von den Narbenästen 
abgewandt, durch einen Längsriss. Die 
Wand der sehr reduzierten Antheren der 
kleistogamen Blüten hat nie ein fibröses 
Endothezium. Die Narbenäste wachsen 
während der Reife der Pollenkörner 
zwischen den Antheren empor gegen das 
apikale Ende des Spitzchens hin. Wäh- 
renddessen zeigen die gegen die Narbenäste 
hin liegenden Teile der Antherenwand 
Auflösungserscheinungen. Erst werden 
die Zellwände, dann die Zellkerne aufge- 
löst, so dass die Pollenkörner auf die 
Narbe zu liegen kommen. Erst nach 
diesem Auflösungsprozess beginnen die 
Pollenkörner zu keimen, während die 
Narbenpapillen gleichzeitig, vielleicht auch 
schon vorher in die Pollensäcke hinein- 
wachsen. 

Die Dehiszenz der kleistogamen Blüten 
scheint damit auf einer durch die Narben 
und ihr Sekret bewirkten oder ausge- 
lösten Auflösung der Antherenwand zu 
beruhen. 

Ottelia alismoides zeigt keinerlei Blüten- 
dimorphismus, doch erfolgt die Bestäu- 
bung an unserm Material, gleichgültig ob 
die Blüten sich noch Öffnen oder nicht, 
immer in den Knospen drin. Durch die 
Pollenschläuche werden die Antheren mit 
den Narben verklebt. 

Ein Vergleich des Baues der Anthe- 
renwand verschiedener Hydrocharitaceen 
zeigt, dass die fibröse Schicht in diesem 
Formenkreis allgemein rückgebildet wird. 
Teilweise erhalten bleibt sie bei den 
entomophilen Formen, die ihre Blüten 
weit über den Wasserspiegel emportragen. 
Bei den hydrophilen Formen, gleich ob 
sich die Pollenübertragung unter, auf 
oder über dem Wasser abspielt, konnte 
eine solche, mit Ausnahme von Vallis- 
neria spiralis, nirgends mehr festgestellt 
werden. 


Summary 


The Ottelia ovalifolia from New Cale- 
donia, which we have cultivated in Zürich 
since 1950, produces large, white chas- 
mogamous flowers ( Abb. 2 and 3 ), when 
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only a few plants are grown in a vat and If 
the summer is hot and sunny. The same} 
plants also form cleistogamous flowers inf 
spring and in autumn. In cooler weather, , | 
or when there are too many plants growing f 
very close together, only cleistogamous à} 
flowers are produced. A good many of 
these cleistogamous plants are dwarfs 
varying from 4-10 cm in size (Abb. 7) | 
Their leaves have a narrow, ribbon-like: 
lamina instead of the large ovate lamina: 
of the full grown chasmogamous plants; 
having stalks coming up to the water- 
level. The dwarf cleistogamous flowers 
produce small fruits containing just a few 
seeds. | 

At the time of fertilization the flower} 
is situated at the base of the plant in the: 
axil of a leaf sheath. The smaller fruits: 
remain at the base of the plant; the larger 
grow on a stalk but even these do not 
reach the surface of the water. | 

The cleistogamous flowers have very 
small reduced stamens, and, little stigmas: 
which are enclosed within the extremely 
reduced petals and sepals. Together they) 
form a little pointed head on the larger 
fruits which are enclosed in the flower; 
sheath (Abb. 6). In the chasmogamous ; 
flowers, the calyx is persistent and the» 
lobes are clearly visible on the fruit: 
(Abb. 4) so that it was easy to decide? 
even in herbarium material whether a 
flower was chasmogamous or cleistogam- ‘ 
ous. Both types freely set seeds which ı 
easily germinate here in summer as well! 
as in autumn. Plants collected in New 
Caledonia showed a good many fruits of 
cleistogamous origin. 

The dehiscence of the anthers differs a: 
great deal in the two types of flowers 
mentioned above. The walls of the 
anthers in the chasmogamous flower have’ 
thickenings in. the endothecium and open: 
in the usual way. In the cleistogamous | 
flowers the walls degenerate all along the: 
portions touching the stigma. It seems) 
that the walls of the cells disintegrate first. 
and then the nuclei as the result of the: 
effect produced by the stigma and its: 
secretions. Thus the pollen grains come: 
to lie next to the stigma and form pollen ı 
tubes. It is to be noted that the anther’ 
wall disintegrates before the pollen grains; 
germinate, 
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No floral dimorphism is seen in Ottelia 
‚alismoides. Pollination occurs in closed 
‘buds, although the latter may open later 
lin some cases. 


i 


“Darwin, Ch. 1877. “ The Different Forms of 
Flowers on Plants of the same Species.”’ 
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A comparative account is given of floral 
biology, pollination, structure of the 
anther wall and dehiscence of the anthers 
of the Hydrocharitaceae in general. 
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FLORAL MORPHOLOGY AND EMBRYOLOGY OF TRAPA 
BISPINOSA ROXB. WITH A DISCUSSION ON THE 
SYSTEMATIC POSITION OF THE GENUS 


MANASI RAM (née GHOSH ) 
Department of Botany, University of Delhi, Delhi, India 


The earliest work on the morphology, 
anatomy, fruit formation and germination 
of seed of Trapa natans is by Gibelli & 
Ferrero (1891, 1895). According to them 
the development of the embryo sac 
is tetrasporic (Adoxa type). Ishikawa 
(1918) studied megasporogenesis and 
female gametophyte in the same genus 
and reported a Polygonum type of embryo 
sac. Subsequently, Tison (1919) dealt 
with the development of the embryo and 
considered the suspensor to be haustorial 
in nature. 

Embryological literature pertaining to 
Trapa is not very extensive and the syste- 
matic position of the genus has long been 
controversial. Most taxonomists placed 
it in the family Onagraceae ( Bentham & 
Hooker, 1883; Rendle, 1925; Hutchinson, 
1926 ) while Raimann ( 1898 ) assigned it 
to a new family, the Hydrocaryaceae. 

Trapa bispinosa is widely cultivated in 
the Indo-Gangetic plains and is prized for 
its fruit. In view of the conflicting 
opinions about the affinities of the genus, 
it was considered worthwhile to study its 
floral morphology and embryology and a 
preliminary account was published by me 
a couple of years earlier (Ghosh, 1954). 


Materials and Methods 


The material was collected from Najaf- 
garh and Ghaziabad during 1952-1955. 
Plants were also grown in the Delhi Uni- 
versity Botanical Garden. Some embed- 
ded material and prepared slides were 
very kindly passed on to me by Professor 
P. Maheshwari. 

To ensure proper fixation the buds were 
denuded of the calyx and corolla, and 
pickled in formalin-acetic-alcohol as well 


as in Nawaschin’s fluid; post-fertilized f 
ovules were dissected and fixed separately f 
The usual methods of dehydration anc f 
imbedding were followed. Sections were 
cut 5-20 microns thick and stained in iron- | 
alum haematoxylin and in safranin-fast 
green. Whole mounts of embryos provec — 
very useful for the, study of the coil-. 
ed suspensor. Acetocarmine smears of 
anthers were also examined. 


Floral Morphology 


The flowers are axillary, pedicellate, 
actinomorphic and hermaphrodite and . 
open above the surface of water but after 
pollination the pedicel bends down so that 
the flower is submersed and fruit forma- 
tion takes place in this condition. Fig. 1 
shows the sinuous coronary disc with a 
dentate margin; the stamens with elon- 
gated, dorsifixed, divergent anthers and 
the style with a capitate stigma. The 
fruit is a large one-seeded drupe and 
has two upwardly projected spines which 
represent the modified sepals. In older 
fruits the fleshy covering dries up and 
peels off exposing the backwardly-pointed 
barbs at their apices ( Figs. 2, 3). 

The disposition of the floral parts is 
represented in Figs. 4-7. There are four 
sepals which are fused at the base and in 
the bud their margins remain united by 
the interlocking of wedge-shaped epi- 
dermal cells. The white corolla usually 
consists of four free segments ( Fig. 6), 
but occasionally only three petals may 
develop and the fourth remains rudi- 
mentary. The stamens alternate with 
the petals and arise at different levels 
on the calyx cup. Stomata are present 
in the basal portion of the long filament 
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anther; 


Fics. 1-7—Floral morphology (a, 
'b, barb; c, corolla; d, disc; f, filament; k, Calyx; 
0, Ovary; oc, ovarian cavity; ov, ovule; se, style; 
st, stigma). Fig. 1. Flower bud with calyx and 
corolla removed; dotted lines represent the posi- 


tion of ovules. x 8. Fig. 2. Fruit. x 4. Fig. 3. 
Upper portion of spine showing barbs. x 4. 
Fig. 4. L.s. flower bud. x 10. Figs. 5-7. Transec- 
tions of a flower at different levels. x 15. 


where it emerges from the calyx cup. 
The bicarpellary syncarpous gynoecium 
consists of a semi-inferior, bilocular ovary 
and each chamber contains a single 
anatropous pendulous ovule on an axile 
placenta. The style is long and hollow, 
and the stylar canal is lined with glandular 
cells. The cells of the inner epidermis of 
the ovary wall, the placenta, and the 
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funiculus are also glandular and exude a 
gummy secretion. 

The pedicel and the outer surface of 
sepals are covered with long uniseriate 
multicellular hairs. Tannin occurs in the 
cells of the disc and connective and 
sphaeraphides in the placenta and sepals. 


Microsporogenesis and Male 
Gametophyte 


The anther is dithecous ( Figs. 8, 21) 
and at the mother cell stage the wall con- 
sists of the epidermis, endothecium, two to 
three middle layers and the glandular 
tapetum ( Fig. 9). The epidermis persists 
in the mature anther and develops a thin 
cuticle (Fig. 22). The middle layers 
usually degenerate during the enlarge- 
ment of microspores ( Fig. 11) but some- 
times they may persist a little longer. 
The endothecium along with two to three 
layers adjacent to the connective and 
some cells of the partition wall between 
the pollen sacs develops fibrous thicken- 
ings (Fig. 22). In one instance the 
endothecium lacked these thickenings and 
the tapetum had formed a periplasmo- 
dium. 

On each side of the partition wall 
between the pollen sacs there is a long 
band of smaller cells which do not develop 
any thickenings (Fig. 22). Their dis- 
organization results in the formation of 
distinct stomia through which the pollen 
grains are discharged. 

The tapetum is glandular and two- 
layered at places ( Fig. 11). It persists 
up to the two-nucleate stage of pollen 
grains. The cells are uninucleate to begin 
with but later become multinucleate due 
to endomitosis. The nuclei may fuse and 
redivide ( Fig. 10). At the tetrad stage, 
minute globules appear on the inner side 
of the tapetum whose staining reaction is 
similar to that of exine. Their presence 
has been recorded in many other plants 
but their specific function is unknown, al- 
though it is believed that probably they 
contribute to the formation of the exine 
(see Maheshwari, 1950). 

The primary sporogenous cells divide 
to produce a large number of micro- 
spore mother cells. The reduction divi- 
sions are simultaneous ( Figs. 12, 13) and 


Fics. and male 


gametophyte (s, stomium ). 


8-22 — Microsporogenesis 
Fig. 8. T.s. anther 
at microspore mother cell stage. x 20. Fig. 9. 
Portion of anther wall at mother cell stage. 


x 315. Fig. 10. Tapetal cells showing division 
and fusion of nuclei. x 510. Fig. 11. Part of 
anther at uninucleate pollen grain stage. x 315. 
Fig. 12. Dyad. x 315. Figs. 13, 14. Cyto- 
kinesis. X 315. Figs. 15, 16. Tetrads. x 315. 
Figs. 17-19. One and two-celled pollen grains; 
in Fig. 17 the crest has been removed. x 315. 
Fig. 20. Pollen grain in surface view, note the 
meridional crests. x 315. Fig. 21. T.s. mature 
anther. x 20. Fig. 22. Enlargement of portion 
marked B in Fig. 21. x 315. 


vacuolation occurs between the nuclei 
after Meiosis II. Thus by centripetal fur- 
rows and wedges of special mucilaginous 
wall ( Figs. 13, 14) tetrahedral and decus- 
sate tetrads are formed ( Figs. 15, 16). 
With the enlargement of microspores the 
special mucilaginous wall is gradually ab- 
sorbed and the original wall breaks down 
liberating the microspores. 

The pollen grains are pyramidal ( Figs. 
17-20 ) and develop three prominent, more 
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or less folded meridional crests which meet 
at the poles ( Fig. 20; see also Erdtman, 
1952). If the crests are removed the: 
grains exhibit three germ pores each 
(Fig. 17). In the vicinity of the pores 
the crests are thinner than at the poles so 
that in basal view the pollen grains appear 
winged (Figs. 18, 19). Apart from the} 
ektexinous folds the exine is smooth and if 
encloses a thin intine. | 

The division of the microspore nucleus # 
is followed by the organization of a large 
vegetative and a small generative cell! 
(Fig. 19). The pollen grains are shed at f 
the two-celled stage. They often ger- | 
minate in situ and give out small tubular : 
processes. 


are == 


Ovule 


” | 


The ovule is bitegmic and crassinucel- 
late ( Figs. 23-27). Simultaneously with. 
the differentiation of the integuments it 
begins to curve and finally becomes 
anatropous. The inner integument is 
two-layered except at the tip where it 
becomes thicker and consists of five to six 
layers. The outer is five to seven-layered | 
around the micropyle but shows 12-14 
layers at the chalazal end. The inner 
integument protrudes beyond the outer 
but does not cover the nucellar tip and at 
its base it is separated from the nucellus 
by a wide space. 

The primary parietal cell as well as the 
cells of the nucellar epidermis divide both 
periclinally and anticlinally and contribute 
to the formation of extensive parietal 
tissue which forms a nucellar beak ex- 
tending beyond the integuments. 

In one case an ovule possessed two 
nucelli with independent inner integu- 
ments but had a common outer integument 
( Fig. 28). 

The apical and the basal portions of the 
nucellus persist up to the late dicotyle- 
donous stage of the embryo ( Figs. 62-64 ). 
The basal region especially becomes 
densely cytoplasmic and seems to provide 
nourishment to the growing embryo ( Fig. 
63). The cells next to it, on the funi- 
cular side, become prominently thick- 
walled and form the hypostase ( Figs. 63, 
64). According to Johansen (1928), a 
hypostase is absent in aquatic plants ; 
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Figs. 23-28 — Ovule (ii, inner integument; 
mb, nucellar beak; nu, nucellus; oi, outer 
‘integument; pf, pollen tube). Figs. 23-25. Les. 
ovule at mother cell stage. x45 Figs. 26, 27. 
Same at tetrad and mature embryo sac stages. 
‚x 45. Fig. 28. Twin ovules (1.s.) x 19. 


and those growing in damp places, e.g. 
Ludwigia mulerlii, Circaea pacifica, E pılo- 
bium obcordatum and Fuchsia. However, 
 Trapa does not seem to be the only ex- 
ception since Khan (1942) observed a 
hypostase in Jussieua repens. 


Megasporogenesis and Female 
Gametophyte 


One or two hypodermal archesporial 
cells differentiate in the nucellus even 
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before the appearance of the integuments 
(Fig. 29). Fig. 30 shows a megaspore 
mother cell. On division it produces a 
dyad (Fig. 31). Another division gives 
rise to a tetrad which is usually linear 
(Fig. 32) but occasionally the arrange- 
ment of megaspores may be isobilateral 
( Fig. 33). Fig. 34 represents a L -shaped 
tetrad surmounted by a dyad. In this 
case two of the megaspores have a single 
nucleus each, while the other two are three- 
nucleate. Megaspore tetrads showing iso- 
bilateral arrangement are rather rare in 
angiosperms and have so far been re- 
ported only in a few plants, e.g. Urginea 
indica (Capoor, 1937), Elaeis guineensis 
( Kajale & Ranade, 1952 ). 

The chalazal megaspore functions (Figs. 
32-34,35 ) and the two and four-nucleate 
gametophytes develop in the usual way 
(Figs. 35-38). Although four-nucleate 
embryo sacs are of common occurrence, 
an eight-nucleate condition was never ob- 
served. Four nuclei are invariably form- 
ed at the micropylar end (Figs. 39, 40) 
and they organize into the egg apparatus 
and the upper polar nucleus ( Fig. 42). 

The mature embryo sac is tubular 
( Fig. 27 ) and usually shows two nuclei of 
unequal size situated below the egg appa- 
ratus ( Fig. 42). The larger one may be 
the fusion product of the two nuclei ( of 
the four-nucleate embryo sac) whereas 
the smaller is the upper polar nucleus. 
The synergids are vesicular and have 
basally placed nuclei simulating the egg 
(Fig. 43). Sometimes, however, the 
nucleus may lie in the upper narrower part 
or in the centre with a vacuole at the base 
( Figs. 41, 42). None of my preparations 
gave any indication of the presence of 
antipodal nuclei or cells. However, Ishi- 
kawa (1918) reported that in Trapa 
natans the antipodal nuclei are present 
although not separated by walls and sooner 
or later they disorganize. 

In Fig. 43 certain densely staining 
minute dot-like bodies are scattered in the 
cytoplasm around the fusion nucleus. 
Johansen (1931b) observed similar bodies 
in Zauschneria latifolia and supposed them 
to be broken up chromatin fragments 
or micronuclei derived from the disorga- 
nized nuclei of the nucellar cells. He also 
mentions that in some parthenogenetic 
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species of Alchemilla, Murbeck! (1901) 
had observed the same phenomenon 
but did not consider it to be of any signi- 
ficance. 


Pollination and Fertilization 


The stigma is surrounded by the con- 
verging anthers and is probably self- 
pollinated. The pollen grains normally 
land on the stigma but sometimes gain 
access between the ovary wall and the disc 
and germinate there. The pollen tube 
advances through the hollow style and 
comes in direct contact with the nucellar 
beak which extends beyond the integu- 
ments. It traverses in between the 
nucellar cells and after entering the 
embryo sac its tip swells up ( Fig. 44). 
Sometimes two pollen tubes may enter 
the same ovule. Double fertilization 
was not observed but is presumed to 
occur; Fig. 44 shows a small nucleus 
(a male gamete ) attached to the fusion 
nucleus. 


Endosperm 


The primary endosperm nucleus be- 
comes hypertrophied ( Figs. 45, 46) and 
shifts to the chalazal end of the embryo 
sac where it disorganizes but remains 
distinguishable up to the 10 or 12-celled 
stage of the proembryo (Figs. 47, 48). 
Sometimes it may continue to lie adjacent 
to the proembryo (Fig. 45) and show 
signs of degeneration ( Fig. 46). A large 
number of ovules were sectioned to ascer- 
tain if any endosperm is formed but in 
almost every case the primary endo- 
sperm nucleus had degenerated. Tison 
(1919) also did not find any endosperm 


1. Quoted in Johansen (1931b). 
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in the narrow embryo sacs of Trapa 
natans. 

There is a general tendency for the) 
suppression of the endosperm in the Ona-} 
graceae. In Gayophytum ramosissumum | 
( Johansen, 1932) the endosperm nuclei, 
rarely total over 20 and they disappear f 
before the embryo reaches maturity. 
Only a few nuclei are formed in Stenosi- |} 
phon linifolium ( Johansen, 1931a ), which f 
remain aggregated at the chalazal enc f 
and disorganize by the time the embryo. 
reaches 128-celled stage. In Zauschneria 
latifolia ( Johansen, 1931b) the presum- 
ably unfertilized fusion nucleus was ob- f 
served in all stages of degeneration. 
Hiorth (1927) states that in Oenothera 
hookeri, O. lamarckiana and O. biennis the 
embryo develops without any endosperm — 
He believes that extra-ordinary length 
and narrowness of the embryo sac is res. 
ponsible for this behaviour. | 

Some members of the Orchidaceae 
(Swamy, 1949) and Podostemonaceae 
( Razi, 1949) may be mentioned as other 
instances where an endosperm is rudi- 
mentary or lacking. 

The development of an embryo without 
endosperm is very unusual since it is 
generally believed that the latter provides 
nourishment to the former. In Trapa 
the suspensor seems to serve the function 
of providing nutrition at the expense of 
the nucellar tissue. 

The mature embryo of orchids is just 
an ovoid mass without any differentiation. 
Further development takes place only 
after the dispersal of the seeds to a 
favourable environment. According to 
Swamy (1949) this initial lack of dif- 
ferentiation is due to the absence of endo- 
sperm. However, the embryo of Trapa is 
well differentiated in spite of the absence 
of endosperm. 


Fics. 29-43 — Megasporogenesis and female gametophyte. 
with two hypodermal archesporial cells. x 450. Fig. 30. L.s. nucellus showing megaspore mother 
32, 33. Linear .and 
| -shaped tetrad surmounted by a dyad. x 450. Figs. 35-38. Two and four-nucleate 
gametophytes with the non-functional megaspores in Figs. 35 and 36. x 450. 


cell. X 450. Fig. 31. Dyad. x 450. Figs. 
Fig. 34. 


nucleate embryo sac ( diagrammatic ). 


x40. Fig. 40. Same, upper half enlarged. x 450. 


Fig. 29. L.s. upper part of ovule 


isobilateral tetrads. 


x 450. 


Fig. 39. Five- 
Figs. 41- 


43. Tips of embryo sacs showing egg apparatus, polar nuclei and fusion nucleus respectively. _ 


x 450. 


Fics. 29-43, 
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Fics. 44-48 — Endosperm integu- 


( ii, inner 
ment; nb, nucellar beak; oi, outer integument; 
pem, proembryo; pen, primary endosperm nu- 


cleus; pt, pollen tube; z, zygote). Fig. 44. Les. 
upper part of ovule showing the path of pollen 
tube. x 175. Fig. 45. Two-celled proembryo 
and primary endosperm nucleus. x 362. Fig. 46. 
16-celled proembryo and degenerating primary 
endosperm nucleus. X 362. Figs. 47, 48. Em- 
bryo sacs with degenerating primary endosperm 
nucleus. x 88. 
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Embryo 


The first division of the zygote is trans; 
verse producing a basal and a terminak 
cell ( Figs. 49, 50). Both of them divi 
again transversely, giving rise to four ce 
(Fig. 51). Further divisions result in 
biseriate proembryo of six tiers ( Figs. 52 
53). On the assumption that both the 
terminal and the basal cells of the two 
celled proembryo divide by a transver 
wall, Johansen (1950) includes the em- 
bryo of T. natans under the Solanad type 
and says that it parallels the Sherardiag 
variation except for the suspensor system. 
Trapa bispinosa resembles T. natans 1 
this respect. 

The suspensor becomes distinguishab 
only when its cells elongate ( Figs. 54-57 J 
Repeated transverse and longitudinal divi- 
sions and the elongation continue until the 
embryo is carried down to the basal por-4 
tion of the nucellus (Figs. 62, 63 }.4 
During this process the laterally situated} 
nucellar tissue is consumed and the sus-4 
pensor becomes greatly convoluted like 
that of conifers ( Figs. 63, 64). At the 
same time, the cells immediately above: 
the embryo multiply and form a suspensor- 
collar which encircles the ovoid em- 
bryonal mass except on one side. The 
outermost cells of the collar are densely 
cytoplasmic and show prominent nuclei, , 
On the funicular side it develops much ı 
more extensively, reaching right up to the: 
apex of the embryo, and comes in contact: 
with the nucellar base or nucellar peduncle. , 
Possibly it helps in the absorption of! 
nutrition from the richly cytoplasmic cells ; 
of the nucellar peduncle. So far there: 
does not seem to be any other record of} 
such a structure in angiosperms. 

The growth of the embryo causes the 
suspensor proper to get detached from the 
collar ( Fig. 64), some of its cells remain 
healthy even after the separation and! 
their walls become thickened. Eventually,. 


Fics. 49-65 — Embryogeny (c, cotyledon; emb, embryo; hy, hypostase; ii, inner integu-- 
ment; nb, nucellar beak; mp, nucellar peduncle; oi, outer integument; pl, plumule; s, suspensor; ; 
Fig. 49. Zygote. x 430. Figs. 50, 51. Two and four-celled proembryos, . 
Figs. 52-57. Further stages in the development of proembryo. x 430. Figs. 58-61. 
Dissected whole mounts of older embryos; note the massive suspensor and also the suspensor ° 
Figs. 62, 63. L.s. ovules showing disposition of proembryos. x 43. 
Fig. 65. L.s. embryo, note the reduced cotyledon and rem- - 


sc, Suspensor collar ). 


x 430. 


collar in Figs. 59, 60. x 11. 
Fig. 64. Same, older embryo. x 143. 
nants of suspensor at the apex. X 7. 
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Fics. 66-70 — Seed coat (c, 
inner integument; oi, outer integument ). 
66. L.s. part of seed coat at the zygote stage. 


cotyledon; 11, 
Fig. 


X 327. Figs. 67, 69. L.s. ovules showing young 
and mature embryos. Fig. 67 x 6; Fig. 69 x 4. 
Figs. 68, 70. Enlarged portions of seed coat 
marked A and B in Figs. 67 and 69 respectively. 
x 327. 


the suspensor as well as the collar collapse 
and only their remnants are distinguish- 
able at the apical end. 

The embryonal mass continues to in- 
crease in size but the cotyledonary zone 
does not show any bilateral growth as is 
common in other dicotyledonous plants. 
One of the cotyledons remains suppressed 
and is distinguishable only as a small 
lateral protuberance ( Figs. 64, 65). Thus 
the developmental pattern is somewhat 
monocotyledonous except for the differ- 
ence that the plumule differentiates bet- 
ween the cotyledons. 

Unilaterality and occasional monocoty- 
ledony is also found in Clarkia elegans 
(Johansen, 1930). Johansen (1945) 
states that although some of the dicotyl- 
edons haye an abortive cotyledon and 
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show spurious monocotyledony, yet th 
developing cotyledon is always lateral td 
the embryonic axis. A similar phenomel 
non has also been reported in Ranunculu 
ficaria (Metcalfe, 1936 ). ) 


Seed and Fruit 


An eight to ten-layered hypostase 
differentiates at the junction of ti 
nucellus and the integuments ( Figs. 6 
64). Its cells become packed witlf 
granular contents and stain red witlf 
safranin. | 

At the time of fertilization the inne} 
integument is two cells thick at the bass 
(Fig. 66) and five to six-layered at the 
micropylar end. The outer integumesh 
is two-layered at the apex but comprises 
15-19-layers of cells at the chalazal end 
Both the integuments take part in the 
formation of the seed coat ( Figs. 66-70} 
The cells of the outer integument increase 
in size ( Figs. 67, 68), become somewhat 
loosened and show a granular deposit ex 
cept at the micropylar end. The inner im 
tegument becomes cutinized and later the 
outer layer also develops fibrous thicken: 
ings except at the apex. With the en 
largement of the embryo, the seed coa 
become flattened and compressed ( Figs 
69, 707 


Discussion 


Embryology often provides convincing) 
data which have helped to solve the taxo- 
nomic assignments of disputed genera 
families or even orders. Trapa is one 
such example (see Just, 1946; Mahesh. 
wari, 1950). Bentham & Hooker (1883) 
Rendle (1925) and Hutchinson (1926) 
placed it in the family Onagraceaes 
However, as early as 1889, Raimann 
had erected a new family Hydrocarya- 
ceae to accommodate the genus Trapas 
Wettstein (1935) supported this view, 
while Pulle ( 1938) suggests that in the 
absence of any genus named Hydrocarya, 
the family name should be changed to 
Trapaceae. The embryological features of 
Trapa and the Onagraceae are compared 
in the following table; | 


| CHARACTER 


Dvary 
| 


Anther tapetum 


Pollen grains 
| 


Trapa 


The ovary is semi-inferior and 
bilocular with a single pendu- 
lous, anatropous bitegmic 
ovule in each chamber. 


Glandular. 


The poilen grains are pyra- 
midal with three much-folded 
meridional crests and are shed 
at the two-celled stage. 


Megas porogenesis The chalazal megaspore invari- 
ably functions and the em- 
bryo sac is of the Polygonum 
type. 

Yndos perm Endosperm is lacking. 

Embryogeny Embryo is of the Solanad type. 

Sus pensor There is a well developed sus- 

| pensor and a suspensor collar. 

Embryo The cotyledons are extremely 
unequal. 

Fruit The fruit is a large one-seeded 


drupe with two or four up- 
wardly directed spines. 
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ONAGRACEAE 


The ovary is inferior mostly 
tetralocular with many ana- 
tropous bitegmic ovules in 
each chamber; rarely uni- 
or bilocular with one ovule 
in each chamber as in 
Circaea (Johansen, 1934). 


Glandular. 


Pollen grains basin-shaped, 
surrounded and bound to- 
gether in long strings by 
‘fibrils’ ( Beer, 1906 ); shed 
at the two-celled stage. 


Usually the micropylar mega- 
spore develops. The em- 
bryo sac is of the Oenothera 
type. 

Endosperm is Nuclear, al- 
though there is a tendency 
towards reduction. 


Embryo corresponds to the 
Onagrad type. 


The suspensor is short and 
inconspicuous. 


The cotyledons are equal. 


The fruit is usually a loculi- 
cidal capsule. 


. Thus the only common features between 
Trapa and the Onagraceae are: glandular 
anther tapetum, two-celled pollen grains, 
and anatropous bitegmic ovules. How- 
ver, they have many pronounced dis- 
similarities. In Tvapa the ovary is semi- 
nferior and bilocular with one ovule in 
ach chamber; the embryo sac is of the 
Polygonum type; an endosperm is absent ; 
the embryo conforms to the Solanad type 
nd has two extremely unequal cotyledons. 
In the other hand, in the Onagraceae the 
>vary is inferior with many ovules in each 
chamber, the embryo sac is of the Oeno- 
thera type, the endosperm is Nuclear, the 


embryogeny corresponds to the Onagrad 
type and the cotyledons are equal. 
Morphologically, Trapa differs from the 
members of the Onagraceae in having 
floating leaves with inflated petioles; 
uniseriate, multicellular hairs on the 
petioles, pedicels, and lower surface of the 


- leaves; branched assimilatory roots; a 


single whorl of stamens; and two to four 
horns in the fruits. As far as anatomy is 
concerned, sphaeraphides occur commonly 
and the vascular bundles lack a cambium. 

It is, therefore, evident that the mor- 
phology, anatomy and embryology of 
Trapa fully justify its removal from the 
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Onagraceae and its inclusion in the newly 
erected family, the Trapaceae. 


Summary 


Trapa bispinosa is an aquatic herb 
with aerial, hermaphrodite, tetramerous 
flowers. 

The anther wall comprises the epider- 
mis, fibrous endothecium, two to three 
middle layers and a glandular tapetum. 
Each pollen sac opens by an independent 
stomium. 

The reduction divisions are simultaneous 
and the tetrads are decussate and tetra- 
hedral; the pollen grains are shed at the 
two-celled stage. 

The semi-inferior ovary is bilocular with 
a single pendulous ovule in each chamber. 
The ovules are anatropous, bitegmic and 
crassinucellate with a prominent nucellar 
beak protruding beyond the integuments. 

The archesporium is one to two-celled. 
A massive parietal tissue results from 
repeated divisions of the parietal cell and 
the apical cells of the nucellar epidermis. 
Usually, a linear tetrad of megaspores is 
formed but isobilateral as wellas | -shaped 
tetrads have also been observed. 
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The embryo sac is of the Polygonum 
type. Besides the egg apparatus, It 
usually shows at maturity two nuclei 
of different sizes lying adjacent to the 
ere. | 
The primary endosperm nucleus de-, 
generates as such and the development of 
the endosperm is totally suppressed. | 

The embryo has a long, coiled and 
multiseriate suspensor which acts as 4 
haustorium. The apical portion of the 
suspensor forms a collar around the 
embryo proper. 

The mature embryo has two extremel\ 
unequal cotyledons. The development @ 
the smaller cotyledon is considerabl 
delayed and it differentiates along wit 
the stem tip. 

Both the integuments take part in the 
formation of the seed coat. The outer 
layer of the inner integument develops 
spiral thickenings. | 

On embryological grounds, the erection 
of the monogeneric family Trapaceae ap- 
pears to be fully justified. 
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keen interest and advice, and to Professor 
P. Maheshwari for valuable comments and! 
for allowing free access to his personal 
library. 
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Our recent investigations (La Rue & 
Narayanaswami, 1954, 1955a; Narayana- 
swami & La Rue, 1955b ) on the effect of 
various physical and chemical factors on 
the growth and development of the 
gemmae of Lunularia and Marchantia 
have shown that these small asexual repro- 
ductive bodies afford excellent test mate- 
rial for morphogenetic studies. It was 
found that these gemmae are capable of 
exhibiting developmental patterns hitherto 
unknown in any other member of the 
Hepaticae. This led me to try similar 
treatments on the gemmae of a moss. 
Tetraphis (Georgia) pellucida, a moss 
growing on the bark and decaying stumps 
of trees in the woods, was chosen for 
experimental studies: The plant bears 
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THE MORPHOGENETIC EFFECTS OF SOME HORMONES 
AND OTHER CHEMICALS ON GEMMAE OF TETRAPHIS 
PÉLEUCIDA RABENH* 


| S. NARAYANASWAMIF 
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gemmae in terminal cup-like receptacles. 
They differ from those of Lunularia and 
Marchantia in that they are smaller, more 
or less spherical and discoid, and not 
drawn out into auricles to form apical 
notches. They do not develop thalli from 
growing points like the gemmae of liver- 
worts. On germination, the gemmae of 
the moss plant give rise to protonemal fila- 
ments from certain specialized peripheral 
cells called nematogones (Buch, 1932) 
which later develop thallose appendages in 
whose axils arise the leafy gametophores. 
It seemed particularly interesting, there- 
fore, to know in what way the gemmae res- 
ponded to treatments by various chemicals. 
Correns ( 1898 ) and Goebel ( 1930) have 
given accounts of the normal development 


University of-Michigan, U.S.A. The work was 


sided by a grant of funds to the late Professor C. D. La Rue from the Rockham Research Fund. 
+ Fulbright Fellow from India, at the University of Michigan, 1953-54. 


324 


of the gemmae of Tetraphis. Sironval 
( 1948 )! and Van Audel ( 1952) have re- 
corded some observations on the germina- 
tion of spores and development of primary 
and secondary protonemata of Funaria 
hygrometrica grown on Knop’s and Mar- 
chal’s solutions. So far as is known to the 
author, moss gemmae have not received 
any attention at the hands of the experi- 
mental morphologist. The following ac- 
count embodies the results of a preliminary 
investigation on the influence of certain 
synthetic hormones and alkaloids like col- 
chicine on the developmental morphology 
of the gemmae of Tetraphis. 


Material and Methods 


Clumps of Tetraphis at the fruiting stage 
were removed with the substratum and 
kept in moist chambers in the greenhouse. 
The same cultural technique was employed 
as described in our studies on liverworts 
(La Rue & Narayanaswami, 1954, 1955a; 
Narayanaswami & La Rue, 1955b). The 
gemmae were taken out under the dissect- 
ing microscope with a flat-tipped needle 
and placed on sterile filter paper spread on 
autoclaved sand in petri dishes irrigated 
from time to time with a solution of the 
test chemical in White’s medium of mineral 
salts (1943). This proved highly satis- 
factory and the medium was free from algal 
and fungal contaminants for weeks. 
Schelpe (1953) also found that sand moist- 
ened with dilute nutrient solution was a 
satisfactory medium for the cultivation of 
bryophytes. 

In some cases the gemmae were grown 
in White’s solution alone and after the 
protonemata had begun to develop they 
were transferred to a solution of the test 
chemical. 


Observations 


WHITE’S SOLUTION OF MINERAL ELE- 
MENTS — Gemmae grown on this solution 
showed only normal development as des- 
cribed by Goebel ( 1930 ), Campbell (1940) 
and others. A single thallose appendage, 
leaf-like in appearance arose from divisions 
of one of the cells of a protonemal filament 


1. Quoted from Schelpe, 1953. 
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close to the gemma. As it attained its | 
maximum size, the narrow basal end of the » 
spathulate leafy structure showed intense? 
meristematic activity resulting in the? 
formation of a mound of tissue which ı 
later developed into a leafy moss plant ac 
companied by rhizoid formation. Since 
the normal organization and development 
of the gemmae grown on White’s solution ı 
was similar to that observed in nature, this 
set up was used as the control. Figs. 1-95 
show stages in normal development of the 
gemmae. / 

INDOLEBUTYRIC ACID — Concentrations. 
of 1 x 10-5M and 1 x 10-5M solutions did 
not show any appreciable effect. In higher 
concentrations germination was inhibited. 
Protonemata from the nematogones were 
short, thick and segmented, and formation 
of thallose appendages was long delayed or 
inhibited. ; 

The axes of the moss plant bearing cup- 
like receptacles, from which gemmae had 
been removed, were kept on filter paper 
moistened with the hormone solution ter 
observe the nature of regeneration. Thal- 
lose protonemata were regenerated at the 
nodes ( Figs. 7, 8) on short protonemal, 
filaments either singly or in groups of tw 
to three. Leafy shoots arose in their axils 
as development proceeded. Frequentl 
the apex of the axis resumed growt 
through the gemma cup, forming two or 
three leafy shoots ( Fig. 8 ). 

Figs. 9 and 10 represent comparative 
sizes of the thallose protonemata grown o 
different solutions; A, being that of the 
control, B, being that on IBA and C, in 
ammonium nitrate. In general, the growth 
is much higher than in the control. 

INDOLEACETIC ACID, 1 x 10-3M AnD 
1 x 10-4M ın WHITE’s SOLUTION OF MINE- 
RAL ELEMENTS — Gemmae were at first 
allowed to germinate on White’s solution. 
Prior to the formation of the thallose pro- 
tonemata, they were removed and cultur- 
ed on White’s solution containing IAA 
in different concentrations. Observations 
were made every week for a period of six 
weeks. The main features were as follows: 

(a) Normally each gemma produced a 
single thallose protonema ( Fig. 10 ) which 
was uniformly narrow, elongated and pale. 
A few showed three to four accessory: 
branches, also thallose, originating at the 
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Fies. 1-10 — Fig. 1. Gemma developing filaments from nematogones. x 198. Figs. 2-6. Dev- 
elopmental stages of thallose protonema and erect leafy shoot. X 198. Figs. 7, 8. Regeneration 
of thallose appendages and rhizoids from nodes, and growth of leafy shoot from apical meristem 
(diagrammatic). Figs. 9, 10. Comparative size of thallose protonema in treatments of different 
hormones for 6 weeks: 9A, on White’s solution; 9B, on IBA, 10°°M; 9C, on ammonium nitrate + 
o-chlorophenoxyacetic acid and Fig. 10, on IAA, 10°M. x 71. 


apex of the cylindrical, upright primary panied by the formation of long rhizoids 
protonema or from the upper surface of the and short protonemal filaments ( Figs. 11, 
plate protonema near to the base accom- 12). Others showed short, cylindrical 
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and somewhat thickened branches arising 
from the margin of the leafy branch. The 
leafy side branch may grow equal in size to 
that of the parent one presenting the 
appearance of the two seed leaves of an 
embryo in germination but showing a 
group of gemmae in the place of the plu- 
mule ( also in treatment with adenine sul- 
phate, Fig. 37). Injury or prolonged 
treatment with the culture solution re- 
sulted in regeneration of thallose proto- 
nemata from their upper ends arising like 
a row of phylloclades ( Fig. 13 ). 

(b) Frequently a small callus-like mass 
of tissue was formed by divisions of a cell 
of the protonemal filament from the middle 
of agemma. From this meristematic knob 
a cluster of gemmae of varying ages was 
observed to develop ( Fig. 14). The gem- 
mae assumed different shapes and were 
borne on long uniseriate multicellular 
stalks amidst paraphyses ( Figs. 15-17). 

(c) In still others, the individual cells of 
a filamentous protonema rounded them- 
selves up forming a chain of single-celled 
bodies ( Fig. 18) or irregular masses of 
brood cells ( Fig. 19) as in Amblystegium. 
Each such cell showed an outer and an 
inner cell wall enclosing a rounded proto- 
plast. The cells are loosely aggregated 
and fall apart at the slightest disturbance. 

(d) Fragmentation of a filamentous pro- 
tonema resulting in the formation of three 
to four-celled segments apparently caused 
by separation cells ( Fig. 20a) was also 
observed. 

(e) Intercalary cells ( Fig. 21 ) ortheend 
cells of a filamentous protonema ( Fig. 22 ) 
may also function as brood cells after 
rounding off of the protoplast. These on 
germination produce normal filamentous 
protonemata ( Figs. 23-25 ). 

(f) Gemmae grown directly on the hor- 
mone solution were inhibited from germi- 
nation. A couple of filamentous out- 
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growths was all that were formed from | 
superficial cells but none from the nemato- - 
gones. Curiously enough the terminal! 
cells of the filaments were devoid of chloro- - 
plasts and transitions from typical protone- : 
mata to rhizoids were frequently observed. , 
For these the name ‘ rhizonemata ’ seems 
appropriate. Grout ( 1947 ) refers to such | 
modified rhizoids or protonemata as) 
‘ rhizoprotonemata ’. | 

P-CHLOROPHENOXYACETIC ACID, 0-1 PER! 
CENT — Weekly observations were made} 
for two months on gemmae treated with f 
this hormone. None of the gemmae ever: 
developed a thallose protonema. Instead, f 
short, thickened, ovoid, cylindrical bodies, ‚f 
deep green in colour arose as lateral out». 
growths on the main filamentous proto- ' 
nema (Figs. 26, 27) accompanied by! 
rhizoids. They were akin to gemmae in. 
behaviour andcapable of germination when 
normal conditions were restored. Often 
such ovoid, sometimes spherical bodies | 
adhered together to form a chain (Fig. 
28 ). 

¢.-O-CHLOROPHENOXY PROPIONIC ACID, 0-1 
PER CENT — The results obtained with 
this hormone were almost similar to that , 
withIAA. Clusters of secondary gemmae, 
as if originating directly from the upper: 
surface of the parent one ( Fig. 14) were: 
frequently observed. In some, the nema-. 
togonal filaments were short and thickened. 
Others showed considerable enlargement 
of the nematogonal cells themselves with 
subsequent rounding off of their proto-. 
plasts forming a brood cell (Fig. 29). 
Occasionally small discoid multicellular 
gemmae were formed on a filamentous 
protonema ( Fig. 30 ). 

In treatments of gemmae that had 
developed thallose protonemata, the basal 
portions of the latter resumed their meris- 
tematic activity forming mounds of callus 
on which gemmae were formed along with 
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Fics. 11-25 — Fig. 11. Regeneration of accessory thallose protonemata in treatments of 
IAA. x 44. Fig. 12. Regeneration of rhizoids, filamentous protonema and a leafy side branch. 
x 44. Fig. 13. Jointed type of thallose protonema from a nematogone on gemmae grown on IAA, 
10°M. x 71. Fig. 14. Formation of secondary gemmae on parent gemma. x 110. Figs. 15-17. 
Gemmae of different shapes. x 330. Figs. 18, 19. Short chains of rounded brood cells. x 330. 
Fig. 20. Release of short protonemal fragments (ptmemata) with separation cell, ‘a’. 
Brood cell formation in a vegetative cell ( intercalary ). x 330. Fig. 22. Swollen cell of a rhizoidal! 
tip. x 330. Figs. 23-25. Germination of brood cells. x 330. | 


— 


x 330. Fig. 21. 


Hy 


Fıcs. 11-25. 
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short protonemata of the filamentous type 
( Fig. 31). 

2,4-D, 0-1 PER CENT — Germinating 
gemmae were treated with this solution. 
The thallose protonemata arising on these 
appeared irregular in outline and were 
more or less condensed. Knob-like out- 
growths were observed from divisions of 
the peripheral cells of such dwarfed proto- 
nemata ( Fig. 32). Rhizoids and rhizone- 
mata were also induced. Some showed a 
rounding off of the protoplasts of isolated 
cells on the surface layer like the aplano- 
spores of algae (Fig. 33). Such cells 
behaved in the same way as the brood cells 
observed in treatments with IAA. 

O-chlorophenoxyacetic acid gave iden- 
tical results ( Figs. 34-36 ). 

ADENINE SULPHATE, 80 MG/L — Treat- 
ment with this solution did not bring 
about any appreciable change in the nor- 
mal organization and growth of gemmae. 
Occasionally, however, the thallose pro- 
tonema produced a side branch of equal 
size at the base. The central meristem 
produced a cluster of gemmae ( Fig. 37). 

AMMONIUM NITRATE, 80 MG/L + O- 
CHLOROPHENOXYACETIC ACID, 0-1 PER 
CENT IN EQUAL PARTs — Germination and 
development of the thallose protonemata 
were considerably hastened in gemmae 
treated with this solution. The thalloid 
appendage attained an enormous size 
( Fig. 9C ) far exceeding that of the control 
(Fig. 9A) or the hormone-treated ones 
( Figs. 9B, 10). It was dark green and 
vigorously growing with buds arising at 
the base at first as a mound of callus and 
followed later by primordia of leaves. 
This was accompanied by formation of 
copious rhizoids and short filamentous 
protonemata. The buds developed into 
leafy shoots in a remarkably short time 
compared to the control. 
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PHENYLBUTYRIC ACID, 1 x 10-4M —} 
Gemmae grown in this solution failed to) 
germinate. Regeneration of new shoots; 
from leafy axis, however, occurred in a! 
comparatively short period (about two 
weeks) after treatment. Gemmae were! 
proliferated from the apices of the new: 
shoots in enormous numbers in loose aggre: | 
gations but the imbricating bracts forming | 
the cup were rudimentary or nil. 

COLCHICINE, 1 x 10-3M — Germinating 
gemmae were grown on White’s solution. 
containing colchicine. The nematogona — 
protonemata remained short and stuntec 
and were inhibited from further growth | 
Later, instead of a thalloid organization of 
the protonema, cylindrical, swollen and 
segmented structures were formed ( Figs 
38, 39). Short lateral branches, either 
flattened or more or less cylindrical, were 
observed to develop on them accompanied — 
by rhizoid formation. | 

When gemmae that had developed thal- | 
lose protonemata were grown on a solution | 
of the test chemical, side-branches of. 
cactus-like form were induced ( Figs. 40,. 
42). No leafy buds ever arose from these 
even after prolonged treatment. How- > 
ever, rounded, single-celled bodies as in 
treatments with 2,4-D were cut off on 
the surface layer which when isolated and 
grown on White’s solution developed 
normal filamentous protonemata. Rarely 
three to four-celled club-shaped bodies 
( Fig. 41 ) were proliferated from the leafy 
protonema and were capable of resuming 
growth under normal conditions. 

Figs. 43-48 represent a series of diagram- 
matic sketches depicting the pattern of 
development of gemmae treated with 
solutions of colchicine. Similar varia- 
tions were also observed in treatments 
with sodium cacodylate, 1%x10-3M and 
LION 
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Fics. 26-48 — Fig. 26. Growth of gemmae on p-chlorophenoxyacetic acid, 0-1 per. cent for 
two months; cylindrical, segmented branches instead of normal thallose protonemae are formed. 
| Figs. 27, 28. Growth patterns of protonemata on p-chlorophenoxyacetic acid ( diagram- 
matic ). Figs. 29-31. Effects of «-o-chlorophenoxypropionic acid: brood bodies from nematogones 
and formation of a cluster of gemmae in place of leafy shoot. 
26933. 198 
Fig. 37. Effect of adenine sulphate, 80 mg/1: note formation of a cluster of 
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Effect of 2,4-D ( description in text). 
acetic acid. x 330. 


— 


Fig. 31. x 717 Bigs. 32) see 
Figs. 34-36. Effects of o-chlorophenoxy- 


gemmae between thallose protonemata. x 44. Figs. 38-41. Effects of colchicine on development . 
of thallose protonemata. Figs. 38-40, x 71. Fig. 41. x 198. Figs. 42-48. Diagrammatic 4 
representation of growth effects on protonemata, with colchicine treatment. 


Fics. 26-48. 
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Summary and Conclusions 


Correns (1898), Goebel (1930) and 
others have recorded their observations on 
the reproductive history of the gemmae of 
Tetraphis, but from a perusal of the exist- 
ing literature it would appear that the 
gemmae of mosses in general have not been 
the subject of any experimental work. 
Encouraged by the results of our work 
with liverwort gemmae (La Rue & Nara- 
yanaswami, 1954, 1955; Narayanaswami 
& La Rue, 1955) an attempt has been 
made to study the morphogenetic effects 
on the gemmae of Tetraphis of certain 
synthetic hormones (presented by the 
Dow Chemical Company to Professor 
F. G. Gustafson for experimental work ). 
The chemicals have been chosen arbitr- 
arily and bear no relation whatever to 
each other. 

The gemmae were grown in solutions 
of the test chemical with White’s medium 
of mineral elements using the latter alone 
as the control. In the control the dev- 
elopment conforms to the normal pattern, 
i.e. the formation of the filamentous pro- 
tonemata followed by a thallose appendage 
in whose axil the leafy gametophore arises. 
Lower concentrations of the hormones did 
not show any appreciable deviation from 
the normal, while higher concentrations 
either caused inhibition of normal growth 
or death. 

Regeneration of filamentous protone- 
mata from leafy shoots has generally been 
recorded in many mosses. In this respect 
nodal regions and shoot apices were found 
to be most regenerative. This was evident 
from the profuse development of both 
leafy and filamentous protonemata, rhi- 
zoids and rhizonemata from leaf axils, and 
the resumption of growth of apical meri- 
stem within the gemma cup. In cultures 
with phenylbutyric acid regeneration 
appears to be hastened. The new shoots 
showed an unusual capacity for prolifera- 
tion of gemmae from the tips but were not 
enclosed within a gemma cup typical of 
Tetraphis. 

The thalloid protonemata always ori- 
ginated from the divisions of a filamentous 
one and not directly from the peripheral 
cells of the gemma or the leafy axis. They 
are formed so close to the latter as to 
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appear as direct outgrowths of the super- 
ficial cells. | 

Any cell of the thalloid protonema can) 
develop rhizoids or secondary protone-- 
mata, either filamentous or thallose, , 
under abnormal conditions as with 
treatments of higher concentrations of 
the hormones. Also, regeneration from 
the apical end of a thallose protonema 
may present the appearance of a row 
of phylloclades indicating distinct spurts 
of growth. The basal end of the flat 
plate-like appendage may develop a leafy - 
shoot or a cluster of gemmae on a mound 
of callus. 

Under the influence of hormones the 
thallose protonemata may assume varying 
patterns of growth. They may be linear 
with treatments of IAA and IBA; or quite 
vigorous, broad and dark green and. 
abruptly narrowing at the base as with 
ammonium nitrate. | 

The protonemata are clearly organs of. 
vegetative increase by fragmentation 
caused by the splitting of some cross walls 
(schizolysis according to Correns). Any 
cell of a protonemal filament is capable of. 
germinating after becoming detached, as, 
has been observed in Funaria ( Woesler, 
1933). Chains of ovoid or rounded cells 
may be formed from nematogonal fila- 
ments or sometimes irregular cell aggre- 
gates may result. They are loosely attach- 
ed to one another and comparable to the 
brood cells in the protonema of Phascum 
( Servettaz, 1913) when conditions of 
light, temperature and nutrition are very 
favourable. Brood bodies abundant on 
rhizoids of Funaria in the greenhouse have 
been reported by Grout (1947). Two to 
three-celled parts of a filament may 
specially differentiate and become detach- 
ed by disengaging themselves at the most 
rounded end similar to rhexolysis of. 
ptmemata (special cells whose walls are 
rent ) observed by Correns. The short 
lateral branches or cell complexes of a 
thalloid or cylindrical segmented proto- 
nema may become detached and function 
similar to the brood bodies. This would 
appear to be akin to the brachytmemata 
observed in protonema of Funaria reported 
by Correns (1898) and Goebel ( 1930). | 
Van Audel (1952) suggests that brood | 
cells are developed in those parts of the” 


— 
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culture dishes which are strongly infected 
with moulds, bacteria or algae but may 
also be caused by oxygen deficiency. A 
similar phenomenon was observed in cul- 
tures with IAA and IBA having no con- 
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Introduction 
| The genus Calycularia was instituted in 
1861 by Mitten (1860-61) to include a 
specimen collected by Hooker from the 
Sikkim Himalayas ( 6,000 ft.), and named 
by him C. crispula. Stephani (1900) as- 
signed six species to the genus and on the 
basis of the spore characters distributed 
hese in two groups: 
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tamination. Further experimentation is 
needed to explain the role of hormones as 
causal agents in the formation of brood 
cells, brood bodies, gemmae and ‘ Proto- 
nemabaumchen ’ ( Goebel, 1930 ). 


| | Literature Cited 


factors on the gemmae of Lunularia. 
morphology 5: 356-372. : 

SCHELPE, E, A. C. L. E. 1953. Techniques for 
the experimental culture of Bryophytes. 
Trans. Biol. Soc. 2: 216-219. 

SERVETTAZ, C. 1913. Recherches expérimen- 
tales sur le développement et la nutrition des 
Mousses en milieux stérilises. Ann. Sci. 
nat. ( Bot.) 17: 111-223. 

Van AUDEL, O. M. 1952. Germination of the 
spores and development of primary and 
secondary protonema of Funaria hygro- 
metrica. Trans. Bryol. Soc. 2: 74-81. 

WHITE, P. R. 1943. “ A Handbook of Plant 
Tissue Culture.” Lancaster, Pennsylvania. 

WOESLER, A. 1933. Entwicklungsgeschichtliche 
und cytologische Untersuchungen an den 
Verkeime einiger Laubmoose, sowie einige 
Bemerkungen über die Entwicklung ihrer 
Stammchen. Beitr. Biol. Pfl. 21: 59-116. 


Phyto- 


STUDIES IN INDIAN METZGERINEAE — II. CALYCULARIA 
| CRISPULA MITTEN* 


S. K. PANDÉ & R. UDAR 
Department of Botany, University of Lucknow, India 


A—Sporis echinatis: 

C. crispula Mitt. and C. laxa Lindbg. 

B—Sporis papillatis: 

C. radiculosa St., C. birmensis St., 
C. hibernica (Hooker) St., and 
C. blyttii (Môrch) St. 

Of the above six species the last two 
were originally included in the genus 
Moerckia but were transferred by Stephani 
to Calycularia. 
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Nearly a year later Schiffner ( 1901a ) 
pointed out that the genus Calycularia, as 
defined by Stephani, is a heterogenous 
assemblage which could be referred to two 
distinct genera; one of these being 
Moerckia Gottsche and the other Caly- 
cularia Mitten. In the latter he ( Schiff- 
ner) retained C. laxa, C. crispula and 
C. birmensis; and referred the other three 
species to Moerckia along with M. flo- 
towiana. The same year Schiffner 
(1901b), after a careful study of the 
original specimen of C. birmensis from 
Levier’s collection, came to the conclusion 
that C. crispula and C, birmensis are not 
specifically distinct from each other, the 
latter being only a delicate or slender 
“schwächliche ” form of the former. 

The inclusion of C. radiculosa in 
Moerckia by Schiffner ( 190la) brought 
forth a great controversy. Campbell 
( 1913 ), from his morphological investiga- 
tion of C. radiculosa, questioned the 
validity of its association with Moerckia 
and pointed out that it may perhaps be 
better to consider this plant as the “ type 
of a new genus intermediate in some res- 
pects between Mörkia! and some of the 
less specialized forms like Makinoa or 
Pellia’’ but a year later Campbell & 
Williams ( 1914 ), obviously being in doubt 
about the exact systematic position and 
status of C. radiculosa, remarked that this 
species “has much in common with 
Blytha and Mörkia!, with which it is 
doubtless related”. As a result of a 
detailed investigation of three species of 
Moerckia, viz. M. blyttii, M. hibernica and 
M. flotowiana, Mader (1929) presented 
invulnerable evidence that the generic 
concepts of Moerckia do not confirm with 
the details of C. radiculosa and hence this 
species should not be included in it and as 
Evans (1937) observed, “ the generic 
position of C. radiculosa is still in doubt ”. 


1. Campbell ( 1913 ) and Campbell & Williams 
(1914) wrote wrongly. It should be Moerckia. 
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In 1917 Stephani (1917-24) trans- 
ferred Moerckia cockaynii Goebel to the 
genus Calycularia without giving its exact) 
position with respect to the two groups 
eatlier proposed. by him. Kashyap) 
(1929) instituted a new species, C. coms} 
pacta, but remarked that it may only 
be a compact form of C. crispula. Sub» 
sequently Horikawa (1934) established 
another species C. formosana. 

As far as the authors are aware the only, 
detailed morphological investigation on 
Calycularia is that of Campbell ( 1913 ) o 
C. radiculosa but this species differs im 
certain very important features from the 
other species of the genus and its taxa 
nomic status, as discussed earlier, has so 
far not been clearly defined. Mader 
(1929), in a contribution mainly devote 
to the study of Moerckia, elucidated som 
features of Calycularia gracilis also, bu 
unfortunately for want of suitable materia 
he could not make a thorough investiga- 
tion. It was, therefore, considered all the 
more desirable to study the morphological 
details of C. crispula. An attempt ha 
also been made to supplement the taxo- 
nomic account of the species, 


Materials and Methods 


Extensive collections of C. crispula were 
made by Pandé & Misra from the Western 
Himalayas (Dhakuri, ca 9,000 ft.; 
Munsyari, ca 9,000 ft.) and by Pandé from 
Gangnani, ca 6,000 ft. and from the 
Eastern Himalayas ( Jorpokhari, ca 7,000 
ft.). The plants were fixed in mixtures of 
chromo-acetic acid, Nawaschin’s fluid, 
formalin-acetic alcohol and absolute al- 
cohol and carefully washed, according to 
the nature of the fixative, gradually de- 
hydrated, cleared and embedded in the 
usual way. Sections were cut at a thick- 
ness of 5-10 x and stained in safranin 
and Heidenhain’s iron-alum haematoxylin, 


Fics. 1-7 — (anth, antheridium; in, involucre; p, perianth; sc, scale ). 


of thallus showing antheridia practically all 
showing three groups of antheridia. 
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In the latter case picric acid was used for 
destaining ( Maheshwari, 1933 ). 


Gametophyte 


HABIT AND HABITAT —C. crispula 
grows in dense patches, sometimes asso- 
ciated with Riccardia levieri Schiffner, 
Conocephalum conicum (L.) DuMortier, 
Dumortiera hirsuta (Sw.) Nees, Plagio- 
chila sp. and mosses. The plants ( Figs. 
1-7) have prominently crisped margins 
and lobed appearance but the lobes are 
not distinct enough to be called “ leaves ”’ 
asin Noteroclada. Thalli growing crowded 
together are smaller while those growing 
in exposed places are larger and may be 
simple or dichotomously — branched. 
Ventral shoots arising from the midrib 
(Fig. 7) are frequently met with, as in 
Pallavicinia canarana (Pandé & Sri- 
vastava, 1953), and their number may be 
one or more. These shoots serve as 
organs of vegetative propagation. The 
midrib is thick and conspicuous, pro- 
jecting prominently below and is about 
13-19 cells in thickness ( Fig. 18) but has 
no trace of the axial strands found in 
Pallavicinia and Moerckia. Laterally it 
gradually passes into the wings which 
ultimately become one-layered towards 
the margins (Fig. 19) as in Pellia and 
Sewardiella. All the cells composing the 
thallus are parenchymatous but differ in 
size, 

The ventral surface bears linear multi- 
cellular scales ( Figs. 18, vs; 8-11) which 
are most abundant towards the apex of 
the thallus where they bend over the 
growing point and protect it ( Figs. 6, 28, 
29). The ventral scales have a number 
of marginal mucilage papillae ( Figs. 8-11, 
28, 29, mp) which are either sessile or 
borne on short filaments. In C. radi- 
culosa (Campbell, 1913), however, the 
ventral scales are wanting and are re- 
placed by multicellular hairs, such as are 
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common in many other thallose Junger 
manniales. 

Numerous unicellular rhizoids are diss 
tributed over the greater portion of the 
ventral surface of the midrib and become 
frequently swollen and even lobed at th 
tips (Figs. 12-16) as in Pallaviciniay 
radiculosa (Campbell & Williams, 1914} 
and Fossombronia himalayensis ( Pandé 
et al, 1954). Such rhizoids presumably; 
serve as holdfasts. 

The rhizoids as well as the cells of the 
midrib harbour mycorrhiza ( Figs. 12-1”, 
mrh). The fungus is intracellular and the 
hyphae are aseptate, branched and coeno- 
cytic as in Sewardiella tuberifera ( Chalaud, 
1932; Mehra & Khanna, 1950; and Pandk 
et al, 1955). Quite often a rhizoid ma 
show one to several mycelial strands which 
ultimately penetrate the lower cells of the 
midrib and at times heavily infect them. 

APICAL CELL — The growth of the 
thallus takes place by means of a singles 
apical cell ( Figs. 28, 29, afc) which, im 
vertical longitudinal sections, is lenti- 
cular. It cuts off a single basal segmen 
(Fig. 28) as in Pellia epiphylla ( Hof- 
meister, 1862; Hutchinson, 1915 ) which, 
however, subsequently divides by a trans- 
verse wall forming a dorsal segment above 
and a ventral segment below (Fig. 29), 
These divide and contribute to the for- 
mation of the tissues of the gametophytes 
but their details could not be followed. 
Noteroclada, a genus associated in the same 
family with Calycularia (Evans, 1939), 
differs with the latter in having a three- 
sided apical cell typical of the Acrogynouss 
Jungermanniales. 

SEX ORGANS —C. crispula is strictl 
dioecious. The male plants are smalle 
than the female, and as in Pallavicinia 
canarana (Pandé & Srivastava, 1953) also 
fewer in number. Theantheridia are dorsal 
and occur in several rows along the midrib: 
(Figs. 1-3, anth), each antheridium being 
ordinarily subtended by a laciniated scales 
variable in shape and size ( Figs. 20-23 } 


Fics. 8-27 —-(vs, ventral scales; mp, mucilage papillae; mrh, mycorrhiza ). 


Ventral scales. Figs. 12-16. Rhizoids. 
and a part of wing ). 
Scales subtending antheridia. 
perianth. 


Fig. 17. Cells of midrib. Fig. 18. T.s. thallus ( midrib 
Fig. 19. T.s. thallus showing the rest of the wing of Fig. 18. 
Figs. 24-26. Involucral scales. Fig. 27. Lacerated margin © 


> 
Figs. 8-114 


Figs. 20-23 
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as in Moerckia. The male thallus may 
produce a single group of antheridia and 
subsequently continue its growth or it 
may develop several antheridial groups, 
one behind the other ( Fig. 2 ), separated 
by sterile tissue. Frequently they may 
occur practically throughout the entire 
length of the thallus all along the mid- 
rib (Fig. 1). As the antheridia mature 
and discharge, the scales are left behind 
(Bigs 2, x] 

The archegonia occur in clusters ( Figs. 
6, 83 ) on the dorsal surface of the female 
thallus in an involucre ( Fig. 6, in). The 
latter consists of linear multicellular scales 
of variable size and form ( Figs. 24-26), 
very similar to the ventral scales. 
Normally only one archegonial receptacle 
develops and the thallus continues its 
growth but sometimes two ( Figs. 5, 6) or 
even three receptacles may be formed, one 
behind the other. At maturity each 
archegonial group is enclosed within two 
envelops as in Moerckia; an outer, the 
“involucre ”, which is represented by a 
number of scales ( Figs. 4, 78, in); and an 
inner one, the “ perianth’’, which is 
tubular or bell-shaped with greatly lace- 
rated margins ( Figs. 4, 5, 27, 78, p). 

Although, in an archegonial cluster, 
usually several archegonia may be ferti- 
lized, ordinarily only one sporophyte 
reaches maturity. Sometimes, however, 
2-3 sporophytes may mature in the same 
receptacle enclosed by a single perianth. 

DEVELOPMENT OF THE ANTHERIDIUM — 
The antheridial initial ( Fig. 30) arises 
from the segments of the apical cell on the 
dorsal surface of the thallus. It can be 
distinguished from the neighbouring cells 
by the presence of a prominent nucleus 
and dense cytoplasm. It soon divides 
transversely into a basal cell, which lies 
embedded in the thallus and takes no part 
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in the development of the antheridium, 
and an outer antheridial cell, which pro- 
jects above the surface of the thallus, 
(Figs. 31, 32). The antheridial cell 
divides by a transverse wall into two 
nearly equal cells ( Fig. 33). The outer 
one of these gives rise to the body of the: 
antheridium ( Fig. 33, b ) while the lower 
one forms the stalk (Fig. 33, st). A) 
vertical wall appears in the antheridial 
cell as well as in the stalk cell ( Fig. 34}, 
as has been described for Pallavicinia 
lyellit (Haupt, 1918). The exact seq 
quence of these divisions could not 
traced. In Pallavicinia radiculosa (Cam 
bell & Williams, 1914), Petalophyllu 
indicum (Mehra & Vashisht, 1950) any 
Sewardiella tuberifera (Mehra & Khanna, 
1950 ) the vertical division in the anther- 
dial cell precedes the division in the stal 
cell. A similar sequence might occur her 
as well. A longitudinal section of t 
next stage observed is shown in Fig. 35. 
The body of the antheridium shows four 
androgonial cells enclosed by four peri- 
pheral jacket cells, the former are dis. 
tinguished by their prominent nuclei and 
dense cytoplasm. The stalk at this stage 
shows four cells in a longitudinal section. | 
While the development of the antheri- 
dium is in progress, growth is initiated i 
some of the adjoining cells which develo 
into scales ( Figs. 37, 38, sc). Each scale 
ordinarily subtends one antheridium. 
As the antheridium matures the andro- 
gonial cells divide in various planes pro- 
ducing a number of cubical cells ( Figs. 
36-38 ), while the wall cells divide only, 
anticlinally so that the wall remains single- 
layered ( Figs. 37, 38). The mature an- 
theridium is oval or spherical ( Figs. 37,, 
38) and is borne on a multicellular stalk. 
In a longitudinal section the stalk show 
2-3 rows of cells and is 3-4 cells high 


Fics. 28-55 — ( apc, apical cell; b, body; mp, mucilage papillae; sc, scale; st, stalk ). 
Vertical longitudinal section of thallus apex showing a single basal segment. 
longitudinal section of thallus apex in which two segments have been cut off. Fig. 30. L.ss 
Figs. 31-35. L.s. antheridia in different stages of development. 

Figs. 37-38. L.s. antheridia. 
Fig. 46. L.s. mature archegonium showing 1-layered venter. 
L.s. mature archegonium showing 2-layered venter. 
Figs. 50-51. T.s. venter of the archegonium. Figs. 52-53. L.s. archegonia showing male (6) an 
Fig. 54, L.s. archegonium showing fusion of male and female nuclei. 


antheridial initial. 
of a young antheridium. 
stages of development. 


female (2) nuclei. 
L.s. archegonium showing a fertilized egg. 
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Fig. 28. 
Fig. 29. Verti 


Fig. 36. T. 
Figs. 39-45. L.s. archegonia in variou 
Fig. 47 
Figs. 48-49. T.s. neck of the archegoniu 


Fig. 55 
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(Figs. 37, 38). In Calycularia radi- 
culosa (Campbell, 1913) the stalk of the 
antheridium is sometimes more slender 
and may have a single basal cell. No such 
condition was observed in C. crispula. 

Mature spermatogenous cells ( Fig. 38) 
show dense cytoplasm and prominent 
nuclei. The details of spermatogenesis 
could not be followed in the material 
studied by us. 

DEVELOPMENT OF THE ARCHEGONIUM — 
The archegonial initial, like the antheri- 
dial initial, arises on the dorsal surface of 
the thallus near the growing point. It 
divides by a transverse wall into an outer 
cell, projecting above the surface of the 
thallus, and a basal cell, which lies em- 
bedded in the thallus (Fig. 39). The 
outer cell is distinguished from the neigh- 
bouring cells by its oval or spherical form, 
a prcminent nucleus and dense cytoplasm. 
It next divides by a vertical wall into two 
unequal cells ( Figs. 40, 41). A longi- 
tudinal section of the next stage observed 
is shown in Fig. 42. The axial row con- 
sists of the cap cell above and the central 
cell below. Enclosing these are two 
peripheral cells, one of which has trans- 
versely divided. The cells of the axial 
row have denser contents as compared to 
those of the peripheral or jacket cells. 
Subsequently the central cell divides into 
two nearly equal cells, an upper or primary 
neck canal cell and a lower or primary 
ventral cell (Fig. 43). The primary 
neck canal cell divides transversely a few 
times ( Figs. 44, 45 ) before the division of 
the primary ventral cell into the ventral 
canal cell and the egg ( Figs. 46, 47). In 
a mature archegonium (Figs. 46, 47) there 
are usually 8-10 neck canal cells. Some- 
times the number of these may be even 
more. The cap cell divides twice by two 
vertical intersecting walls so that, at 
maturity, there are four cap cells. The 
neck, as in other Jungermanniales, shows 


PHY TOMORPHOLOGY 


five peripheral rows of cells ( Figs. 48, 49 ). | 
The venter of the fully mature archego- 
nium, may be one or two-layered ( Figs. 
46, 50, 51), resembling in this respect many 
other Anacrogynous Jungermanniales. 

FERTILIZATION — The actual act of 
fertilization was not seen but some arche: : 
gonia (Figs. 52-54) were sectioned in! 
which the male nucleus had penetrated | 
the egg. Fig. 52 shows a vertical longi. - 
tudinal section of a mature archegonium: 
after the canal cells have disorganized. , 
The egg occupies practically the entire: 
venter. It contains vacuolated cyto-. 
plasm and is surrounded by a distinct! 
delicate membrane. The egg nucleus (2 
is more or less centrally placed and shows 
above it another smaller crescent-shaped 
nucleus. The latter is, probably, the: 
male nucleus (4), which has penetrated 
the egg but has not actually fused with 
the female nucleus. Both the neck and 
the venter contain mucilage. The venter} 
is 2 to 3-layered and the lower part of the 
neck shows two rows of cells. Fig. 53) 
shows a section of another archegonium, , 
somewhat more highly magnified, precisely 
at the same stage. Fig. 54 is a l.s. of ami 
archegonium in which the male nucleus 
lies closely appressed to the female nu- 
cleus. The latter shows a depression at 
the point of contact of the male nucleus 
which has not yet fused with it. 


| 
: 
i 


Sporophyte 


Fig. 55 shows probably a fertilized egg 
or the zygote. It is more or less oval and 
has a distinct membrane around it and 
occupies almost the entire space of the 
venter. Practically the whole of the neck 
has become 2-layered and the venter is 
2 to 3-layered. Both the venter and th 
neck are filled with mucilage. Fig. 5 
shows another fertilized egg more highly, 


Fics. 56-82 — ( cal, calyptra; el, fixed elaters; in, involucre; m, mucilage; p, perianth ), 


Figs. 79-80. Dehisced capsules. 


Fig. 69. Spore 
: Fig. 77. Sporophyte showing ruptur 
Fig. 78. Sporophyte partly enclosed withi 
Figs. 81-82 Capsule wall in Ls. 


555mm 57-64,68, 71-75, 81,82 
—Scossmm 65, 66 » 69 


CNET 67 » 70 
u am ——% 
= Bi: oun — 78, 79 , 80 
TT 56 78 = 


Fics. 56-82. 


340 


magnified and almost similar to the pre- 
vious one. In both the cases the zygote 
has a prominent nucleus and dense gran- 
ular cytoplasm. 

EMBRYOGENY — The material studied 
by us was not very suitable for a detailed 
study of the embryogeny. However, a 
few embryos were sectioned which showed 
some of the early stages of development. 

In the fertilized egg the first division is 
transverse, resulting in a 2-celled, more 
or less oval, embryo ( Figs. 57, 58). The 
hypobasal cell unlike that in Fossombronta 
(Haupt, 1920; Humphrey, 1906; Pandé 
et al, 1954) and Sewardiella tuberifera 
( Pandé et al, 1955 ) does not participate 
in the formation of the sporophyte but 
produces a haustorium and the entire 
sporophyte develops from the epibasal 
half alone, as in Pellia epiphylla ( Hof- 
meister, 1862) and Riccardia ( Leitgeb, 
1877; Clapp, 1912; Goebel, 1930). The 
venter at this stage is 3-4 layered forming 
a massive covering round the developing 
sporophyte (Fig. 57). Soon the epi- 
basal half divides by a vertical wall 
( Fig. 59) forming two cells which have 
prominent nuclei and vacuolated cyto- 
plasm. The hypobasal cell ( haustorial 
cell) by this time has become greatly 
elongated. It is more or less conical and 
has a prominent nucleus (Fig. 59). A 
longitudinal section of an older embryo is 
shown in Fig. 60 but in this section only 
four cells are seen in the epibasal half of 
the embryo. The remaining four cells 
are seen in the adjoining section. It is, 
however, not possible from a study of 
such a stage to decide the exact sequence 
of the divisions in the epibasal half. The 
hypobasal half, so far, has not divided but 
it has elongated considerably and shows a 
prominent nucleus ( Fig. 61 ). 

The next stage observed is shown in 
Fig. 62. The embryo has become multi- 
cellular consisting of about 18 cells in a 
longitudinal section. The haustorial cell 
is very much elongated, has vacuolated 
cytoplasm and a prominent nucleus. The 
embryo proper at this stage shows a mass 
of uniform undifferentiated cells rich in 
contents. Fig. 84 is a photograph of a 
subsequent section of the same embryo 
enclosed in a 4-cell thick calyptra (cal). 
Fig. 85 shows another embryo of nearly 
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the same age, surrounded by the calyptra! 
(cal ), in which the haustorial cell is com-. 
paratively small. Fig. 63 shows anothery 
embryo of about the same age but the 
hypobasal cell has divided longitudinally, 
into two cells. The next stage observed! 
( Fig. 64 ) shows a fairly advanced embryo, 
It is, more or less, cylindrical and is en- 
closed by the massive calyptra which is4 
now 6 to 7-layered. The various regions of 
the sporophyte can now be clearly re~ 
cognized. The cells of the gametophyte, 
in contact with the haustorium, become; 
greatly flattened and stretched. Ulti- 
mately these become crushed and dies 
organized producing a mucilaginous sub 

stance (Fig. 64, m) which undoubted | 
serves as a source of nutrition to the young; 
embryo. The mucilaginous substance stains: 
deeply with safranin. 

The archesporial cells divide successively 
in various planes and give rise to a mass of 
cells which later differentiate into spore- 
and elater-mother cells. Ultimately the: 
spore-mother cells become tetrahedralls 
lobed as in other Jungermanniales ( Fig. 
65) and the nucleus, surrounded by thes 
cytoplasmic mass, comes to lie in the 
centre. The stages observed in sporo- 
genesis are shown in Figs. 65-67. Sub- 
sequently walls are laid down between 
the four lobes which completely divides 
the mother cells into four young spores: 
(Fig. 67). As the spores mature, the 
separate out. They are dark-brown and 
develop a thick echinate wall ( Fig. 68 } 
which, in sections ( Fig. 69), shows two! 
parts, an inner uniform layer and a thick: 
outer one with the characteristic out- 
growths. The spores are 50-66 u in maxi- 
mum diameter. 

The elater-mother cells become longer 
and vacuolated (Fig. 70). Their nuclei! 
get flattened and ultimately they elongate! 
considerably and develop into mature 
elaters which have spiral bands of thicken- 
ings ( Figs. 71-76). Usually, the elaters 
are bi-spiral ( Figs. 71-73 ) but occasionally 
they may be tri- or tetra-spiral ( Figs. 74- 
76). Fig. 76 is a tetra-spiral elater highly, 
magnified. The spirals run in pairs and 
it is quite likely that the four spirals 
result from a splitting of the origina 
pair of spirals. Sometimes the elaters are 
very much attenuated ( Figs. 71, 72) and 
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Fics. 83-89 — (cal, calyptra; elp, elaterophore; m, mucilage; pc, peripheral layer of amoeboid 
haustorial cells). Fig. 83. L.s. through a young female receptacle showing a cluster of archegonia. 
Fig. 84. L.s. through an embryo with a conspicuous haustorial cell. Fig. 85. L.s. through an 
embryo with a comparatively smaller haustorial cell. Fig. 86. Seta of a mature capsule with 
the bunch of basal fixed elaters. Fig. 87. L.s. of a mature sporogonium showing elaterophore. 
Fig. 88. L.s. foot. Fig. 89. T.s. foot. 
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occasionally they may be branched ( Fig. 
73). Their size is extremely variable. 

ELATEROPHORE — In C. crispula a num- 
ber of cells at the base of the capsule 
bulge out prominently in its cavity 
(Fig. 87, elf) and a mass of elaters are 
attached here ( Figs. 80, 86). This struc- 
ture, in all probability, represents a basal 
elaterophore. In this respect C. crispula 
resembles Pellia and Noteroclada. 

A basal elaterophore, such as the one 
described above for C. crispula, does not 
occur in C. radiculosa (Campbell, 1913 }, 
but occasionally some of the elaters remain 
attached at the base of the capsule and 
according to Campbell, “ suggest a rudi- 
ment of such an elaterophore, as is said 
to occur in the other species of Caly- 
cularia ” 

According to Schiffner (1901a) the 
three species of Calvcularia, viz. C. cris- 
pula, C. laxa and C. birmensis are relat- 
ed to the genera of the Codoniaceae 
showing a basal elaterophore. Stephani 
(1901), from his study of Makinoa and 
Calycularia, concluded on the contrary 
that elaterophores do not exist in these 
genera and the structure referred to as the 
elaterophore is only a group of cells which 
assist in the conduction of nourishing sub- 
stances in the young capsule. In the 
ripe capsule, however, this exists merely 
as a dried up remnant and has nothing to 
do with the dispersal of spores which fall 
on the ground when the capsule dehisces. 

While, for want of suitable material, no 
definite views on the morphological nature 
of the elaterophore in C. crispula can be 
given, an examination of the mature 
dehisced capsules showed that a large 
number of spores remain adhering to the 
mass of elaters found attached to the pro- 
jecting cells at the base of the capsule and, 
evidently, these elaters assist in spore 
dispersal. In this species, therefore, there 
is a basal elaterophore although it is not so 
conspicuous as in Pellia and Noteroclada. 

MATURE SPOROPHYTE — The mature 
sporophyte has a bulbous foot, a slender 
seta and a spherical dark-brown capsule 
(Fig. 77). The wall of the capsule is 
usually 2 to 3-layered ( Fig. 81), but some- 
times even four layers can be recognized 
at the apex (Fig. 82). The outermoet 
layer has comparatively larger cells. The 
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cells composing the wall of the capsule 

have bands of thickenings on all the layers, 
but these are more pronounced on the 
cells of the outermost layer. The capsule 
of C. radiculosa (Campbell, 1913 ) differs 
considerably from that of C. crispula. In 
the former it is oval and its wall is much 
thicker at the apex, consisting of 5-6 
layers of cells forming a sort of apical cap, 
while at the sides it shows about four 
layers of cells, and the thickenings on. 
the outermost layer are more or less con- 
fluent. 

The seta is cylindrical and consists of 
parenchymatous cells which elongate very 
rapidly as the capsule matures and raise f 
the sporogonium above the perianth 
piercing through the calyptra ( Figs. 77 
78, cal). The unfertilized archegonia are 
carried up with the tissue of the calyptra 
( Fig. 77). In some cases, however, the 
seta does not elongate much and, even at. 
maturity, the sporogonium remains in the 
perianth. The seta is 6-10 cells in dia: 
meter and ends in a heart-shaped, pro- 
minent foot ( Figs. 77, 88). Its cells are 
much larger than the cells of the seta. 
The peripheral cells of the foot ( Figs. 88, 
89, pc) possess large nuclei and dense: 
contents and in a transverse section 
( Fig. 89) they are seen bulging out pro- 
minently. Presumably they are haustorial 
in function. The cells of the gameto-. 
phyte, in contact with these cells, become : 
flattened and stretched, ultimately break- 
ing down forming a mucilaginous sub- 
stance ( Figs. 88, 89, m). 

DEVELOPMENT OF THE PERIANTH —: 
Our observations on the development of 
the perianth in C. crispula agree with 
those put forth by Kashyap (1932) for 
the species. Groups of younger arche- 
gonia are surrounded by involucral scales 
on the posterior as well as on the lateral 
sides and are protected towards the: 
anterior side by the upturned amphi-- 
gastria (Fig. 6). Occasionally several 
transverse rows of bracts are present 
behind the receptacle (Fig. 6). After > 
fertilization several involucral scales fuse # 
and are carried upward by the basallf 
growth, forming a large funnel-shaped 
perianth (Figs. 4, 5, 78, 5). It has à 
greatly lacerated margin. Usually fusion ı 
does not affect all the scales and those left 
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outside the perianth represent the in- 
volucre ( Figs. 4, 78, in). “ Moreover, in 
many cases ”, states Kashyap (1932, p. 
104), “there are no bracts outside the 
perianth which make one think that the 
involucre is absent. The proper thing 
would be to say that the fusion has 
effected all the bracts so that no bracts are 
left free. Thus there is no hard and fast 
line between the involucre and the so- 
called perianth, and the perianth is the 
result of the fusion of all or most of the 
involucral bracts which are carried up by 
basal growth. ”’ 

In one specimen the perianth showed a 
scale attached on its outer surface ( Fig. 
78). Similar condition was observed by 
Kashyap (1932) who also records some 
interesting cases of the position of the 
scale with respect to the perianth. 

DEHISCENCE OF THE CAPSULE — The 
capsule, at maturity, dehisces into 4-6 
irregular valves ( Figs. 79, 80), which may 
‚split still further, resembling in this respect 
‘Fossombroma and differing much from 
iC. radiculosa in which the dehiscence is 
by two valves which are either held to- 
gether at the apex (Schiffner, 1901a) or 
‚may even separate completely ( Campbell, 
4913). 
| After the spores have been scattered a 
ituft of elaters remain attached to the base 
‘of the capsule ( Figs. 80, 86, el). 


| 
| 
| Discussion 


9 Schiffner (1893), according to whom 
ithe Anacrogyneae are divided into six 
lfamilies, placed the following eight genera 
lin the Codonioideae: 

Petalophyllum, Pellia, Blasia, Calycula- 
‘ria, Noteroclada, Treubia, Fossombroma 
land Simodon. 

| Cavers (1910), who divided the Ana- 
\crogyneae into four families, assigned all 
the above genera, except Simodon, to the 
"Codoniaceae and included Cavicularia 
‘then a newly discovered genus into it. 
‚He, however, drew attention to the fact 
‚that all the genera included in the Codo- 
miaceae ate not very closely related. 
‚But no definite steps were taken till 
11932, when Verdoorn ( 1932) first divided 
jthe Anacrogynous Jungermanniales into 
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seven families. He transferred the genera 
Blasia, Pellia and Calycularia from the 
Codoniaceae to a separate family Haplo- 
laenaceae; Treubia to the family Treu- 
biaceae and Cavicularia to Dilaenaceae, 
while the rest of the genera were retained 
in the Codoniaceae, in its restricted sense. 
The same atrangement has been followed 
by Buch, Evans & Verdoorn ( 1937 ). 

A relatively recent attempt at classi- 
fication has been undertaken by Evans 
( 1939 ) whose scheme has been reproduced 
by Pandé et al (1954). Evans trans- 
ferred Blasia from its previous association, 
to a new family Blasiaceae and included 
Cavicularia also in it while Calycularia, 
Pellia and Noteroclada ( Androcryphia )? 
have been placed in a separate family 
Pelliaceae. While drawing up his scheme 
of classification Evans (1939) ably re- 
marked, “some of the families are more 
artificial than might be desired, and 
that some ought to be broken up into 
smaller families; and it must be admitt- 
ed also that certain genera are still in- 
completely known, so that the position 
assigned to them in the system must be 
considered tentative.” 

The arrangement of the three genera 
Pellia, Calycularia and Noteroclada in a 
single family does not appear to form a 
natural assemblage. Whereas Pellia and 
Noteroclada are undoubtedly closely re- 
lated ( see Cavers, 1910; Proskauer, 1950 ) 
Calycularia is certainly a long way off from 
both of these. With the former it differs 
in the arrangement and disposition of sex 
organs, in the presence of the two envelops 
around the sporophyte as well as in the 
dehiscence of capsule and the characters 
of the spore and with the latter in the 
above characters along with the form of 
the thallus and the apical cell as well. 
The seemingly common features of the 
three genera lie in the form of the sporo- 
phyte and particularly in the presence of 
an “elaterophore” which in Calycularia is 
certainly not so well developed as in the 
other two genera. Mader (1929) has 
even deflated on the elaterophore char- 
acter as having any stable taxonomic 
significance. 


See Proskauer 
versus Andro- 


2. Evans wrote Androcryphia. 
(1955) — “On Noteroclada 
cryphia. ” 
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In the arrangement and disposition of 
the sex organs and in the presence of the 
two envelops around the sporophyte Caly- 
cularia crispula approaches Moerckia. 
But the form of the capsule, the nature 
of cells of the capsule wall and the thicken- 
ings on them, the spore sculpture as also 
the dehiscence of capsule are entirely dif- 
ferent in the two genera. In the last 
character Calycularia crispula resembles 
Fossombronia. 

Our knowledge of the structure and life- 
history of the several genera of Metz- 
gerineae is still far from perfect. An 
extended study of life-history followed by 
culture work, as has been done by Mader 
(1929), is desirable to determine the 
affınities of these. Mader has shown, for 
example, that in water culture of Moerckia, 
changes occur in the position of the sex 
organs which tend to break down dif- 
ferences between Blyttiaceae and Aneu- 
raceae. A fuller discussion of the relation- 
ships and systematic position of the genera 
of the Metzgerineae is deferred till the 
study of some more genera, now under 
investigation, has been completed. 


Summary 


Calycularia crispula Mitt. grows com- 
monly in the Western and Eastern 
Himalayas. 

The plants are either simple or dicho- 
tomously branched and have prominently 
crisped and lobed margins. The lobes are 
not distinct enough to be called “ leaves ”. 

Linear multicellular scales occur on the 
ventral surface of the thallus. These are 
most abundant towards the apex of the 
thallus where they bend over the growing 
point and protect it. 

Numerous unicellular rhizoids are dis- 
tributed over the greater portion of the 
ventral surface of the midrib. They are 
frequently swollen and even lobed at their 
tips and probably act as holdfasts. 

Ventral shoots arising from the midrib 
are frequently met with. These serve as 
organs of vegetative propagation. 

The midrib projects prominently on the 
ventral surface. It is about 13-19 cells 
thick and has no trace of an axial strand. 
It gradually thins out into the wings which 
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ultimately become one cell thick towards 
the margins. 

Mycorrhiza is present in the cells of the 
midrib and in the rhizoids. The fungus is 
intracellular and the hyphae are aseptate, 
branched and coenocytic. 

The apical cell in a vertical longitudinal | 
section is lenticular. It cuts off a single 
basal segment which subsequently divides 
into a dorsal and a ventral segment. . 

The species is strictly dioecious and the: 
male plants are usually smaller and fewer 
in number than the female plants. 

The antheridia are dorsal and occur 
along the upper surface of the midrib and, 
are subtended by laciniated scales. The, 
antheridia are found in discrete groups or 
sometimes they may occupy practically - 
the entire length of the midrib. 

The archegonia, like the antheridia, ares 
dorsal and occur in receptacles along the 
midrib. | 

The antheridia arise from the segments, 
of the apical cell on the dorsal surface of. 
the thallus near the growing point. The 
development is similar to that in the other f 
genera of the Metzgerineae. The mature 4: 
antheridium is spherical or oval and has a. 
multicellular stalk 3-4 cells high. | 

The archegonia, like the antheridia, 
arise from the segments of the apical cell 
on the dorsal surface of the thallus near kh 
the growing point. Their development is | 
similar to that in the other genera of the. 
Metzgerineae. The neck of the archego- 
nium consists of five rows of jacket cells J 
and encloses 8 to 10-neck canal cells. The k: 
venter and a part of the neck become 2 to 3- 
layered before fertilization. 

The first division of the fertilized egg is 
transverse. The entire embryo develops 
from the epibasal half alone and the 
hypobasal half functions as a haustorial 
cell. The latter elongates considerably 
during the development of the embryo 
and divides but ultimately its cells break 
down and disorganize. 

The mature capsule is spherical, dark 
brown and its wall is 3 to 4-layered with 
characteristic thickening bands in all 
layers but more pronounced on the outer- 
most layer. 

The cells of the seta elongate and raise 
the sporogonium above the perianth. 
In some cases, however, the seta does not! 
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‘elongate much and, even at maturity, 
the sporogonium remains inside the 
'perianth. 

The foot is conspicuous, heart-shaped 
and bulbous. The peripheral cells of the 
foot are presumably haustorial and possess 
large nuclei and dense contents. 

_ The spores are dark brown with cha- 
racteristic echinate outgrowths on their 
surface. 

The elaters are bi- or tri-spiral. Some- 
times they show four spirals, presumably 
due to the splitting of the original two. 
Occasionally the elaters are branched. 
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There is a basal elaterophore, consisting 
of cells prominently bulging in the cavity 
of the capsule. A large number of elaters 
are attached to the elaterophore and assist 
in spore dispersal. 

The perianth is infundibuliform and 
develops by the fusion of the involucral 
scales followed by basal growth. It has a 
greatly lacerated margin. Some of the 
scales left outside the perianth represent 
the involucre. 

The capsule dehisces by 4-6 irregular 
valves which may split still further as in 
Fossombronia. 
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THE EMBRYOLOGY OF ISOMERIS — A REINVESTIGATION 


R. C. SACHAR 
Department of Botany, University of Delhi, Delhi, India 


Introduction 


In 1937 Billings gave an account of the 
life history of Isomeris arborea wherein 
several abnormal features were described 
in considerable detail. However, he made 
a number of dubious statements which 
are mentioned below: 

The plant is haploid with a complement 
of 17 chromosomes. There is no meiosis 
whatsoever and syngamy is also omitted. 

The megaspore mother cell directly 
produces an embryo sac, i.e. the female 
gametophyte is tetrasporic, the develop- 
ment conforming to the Adoxa type. 

The mature embryo sac is 3-nucleate 
consisting of two synergids and an endo- 
sperm nucleus only, there being no egg. 

A pollen tube is seen in the majority of 
ovules, but since sperms are not discharged 
the question of fertilization does not arise. 
Further, the presence of pollen tubes is 
not essential for the development of endo- 
sperm. 

Usually the synergids disintegrate, but 
occasionally one of them becomes pro- 
minent, undergoes transverse divisions 
and forms a long filament of some 14 cells. 
In one case, however, the synergid had 
become globular in shape and showed a 
number of free nuclei. Such a structure 
arising from the synergids has nothing to 
do with endosperm or embryo formation 
and appears to serve no purpose. 


The endosperm nucleus is single in origin 
and haploid. à 
The endosperm is Nuclear. At first 
many free nuclei are produced which are 
distributed along the periphery. Later, | 
there are aggregations of the endosperm 


nuclei and cytoplasm, giving rise to. 


nodules of varying shapes and sizes, | 
Finally the endosperm becomes cellular. 


The embryo arises from an endosperm k 


nodule which is generally located near the. 
concave base of the long arm of the 
embryo sac, though it may sometimes 
originate from a nodule located near the 
convex curve of the sac. Only in one 
instance an embryo was found developing 
from a nodule in the micropylar region. 
Recently, Maheshwari & Khan ( 1953) 
in a reinvestigation of this species refuted 
some of the findings of Billings. 
have demonstrated that the megaspore 


mother cell undergoes the usual reduction # 


divisions forming a linear ‘triad’, con-, 


sisting of an upper dyad cell and two » 


megaspores. The embryo sac is mono- 
sporic and 8-nucleate. 
condition of the embryo sac, as reported 
by Billings ( 1937 ), is explained by them 
partly on the basis of degeneration and 


disappearance of some elements of the} 


embryo sac and partly because of faulty 
observation. They were unable to ob-- 


serve fertilization and do not commit # 
themselves as to the presence of syngamyk 


The 


The 3-nucleate” 


| 


They W# 
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and triple fusion. As regards the origin 
of the primary endosperm nucleus, they 
frequently observed two polar nuclei lying 
side by side, while in other cases only one 
large prominent nucleus was present. 
Maheshwari & Khan did not observe the 
actual fusion of the polar nuclei, but 
measurements of the nucleoli showed 
that the single large nucleolus of the 
primary endosperm nucleus is consider- 
ably larger than the two nucleoli of the 
polars. From this they conclude that the 
larger nucleus is most probably the result 
of the fusion of the two polar nuclei. They 
were unable to trace the exact origin of the 
embryo, but did not accept the view of Bil- 
lings as to its endospermic origin. They 
idea, “the exact origin of embryo 
from endosperm still remains undecided.”’ 
| Khan (1950) reported a case of ab- 
normal twin ovules in Zsomeris arborea in 
which two ovules were borne on the same 
funicle enclosed within a common outer 
‘integument, but each of the two nucelli 
had its own separate inner integument. 
Since one of the ovules was seen in longi- 
tudinal section, while the other was cut 
transversely, he concluded that the two 
‘ovules were situated at right angles to 
‚each other.! 

» Earlier, Orr (1921) made a few obser- 
-vations on the seed coat of Zsomeris 
‚arborea. He reported a double layered 
‚outer integument with stomata. The 
inner integument was found to comprise 
‚an outer aqueous tissue of 2-3 layers and 
4-5 layers of smaller cells on the inside. 
He designated the former as a tracheal 
envelope and in view of its close associa- 
tion with the vascular strand of the 
‚funicle, considered it to function as an 
accessory water supply system for the 
‚embryo. Orr also suggested the possibility 
\that it plays an important part at thetime 
‘of germination by absorbing moisture 
‚through the micropyle and constituting a 
kind of water jacket around the embryo. 


Material and Methods 


| Fixed material of Isomeris arborea was 
obtained by Professor P. Maheshwari 


| 1. A few cases of twin ovules were also observ- 
led by me, but it seems that the ovules need not 
always be situated at right angles to each other. 


EEE 
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through the courtesy of Dr D. R. Harvey 
( San Diego, California ), Dr E. Y. Dawson 
(Los Angeles, California), Dr Verne 
E. Grant (Claremont, California), Dr 
Elizabeth McClintock (San Francisco, 
California), and Dr M. A. Myers (San 
Diego State College, California) to all of 
whom grateful thanks are due?. The 
older ovules and seeds were dissected out 
and treated with 10 per cent hydrofluoric 
acid in order to soften the hard testa. 
Sections were cut 5-15 microns thick and 
were stained with safranin-fast green and 
Heidenhain’s haematoxylin. Both stain- 
ing methods were found to be satisfactory. 

A part of this investigation is based on 
a study of dissections of embryo sacs from 
the ovules. The ovules were treated with 
a 5 per cent KOH solution for about 
12 hours, washed in water, and then 
stained in a dilute solution of cotton blue 
for 1-2 hours. Pre-staining helps in 
locating the embryo sacs and thus facili- 
tates their dissection. An ovule is put 
in a drop of lactophenol on a clean slide. 
The integuments are pierced in the basal 
region so as to expose the lower end of the 
nucellus. Next a needle is inserted in the 
bend of the J-shaped nucellus and the 
latter is carefully slipped out from the 
integumentary envelopes which still cover 
its upper region. The dissected nucellus 
shows the upper exposed part of the 
embryo sac as in this region the nucellar 
cells have already disorganized. The 
lower part of the embryo sac remaining 
imbedded in the nucellar tissue is then 
exposed by teasing out the surrounding 
cells and mounted in lactophenol. 

The above technique enabled me to 
observe the various stages of proembryos 
with their well-developed suspensors. 


Observations 


MEGASPOROGENESIS AND FEMALE GAME- 
TOPHYTE — The hypodermal archesporial 
cell cuts off a small primary parietal cell 
and a large megaspore mother cell. The 
former undergoes a few divisions giving 
rise to a parietal tissue ( Fig. 1). Mean- 
while the megaspore mother cell forms the 


ME) I am also indebted to Professor B. G. L. 
Swamy ( University of Madras, India) for pass- 
ing on to me some prepared slides of this species. 


Fics. 1-9 — Megasporogenesis and female gametophytes (pf, pollen tube). 
upper part of nucellus with megaspore mother cell. x 378. 


dyad cells. x 378. Fig. 3. 


5 


Fig > las 
Fig. 2. Same, with two unequal 


‘Triad’; the chalazal megaspore is functional while the upper 


megaspore and the dyad cells are degenerating. x 378. Fig. 4. Two-nucleate embryo sac. x 378. 


Fig. 5. Mature embryo sac with the polar nuclei already fused. x 378. 


Fig. 6. Upper part 


of embryo sac showing a healthy egg cell, one degenerating synergid and two polar nuclei. x 378. 


Fig. 7. Embryo sac with healthy egg apparatus and fusion nucleus ( whole mount). x 378. 


8. Syngamy and triple fusion. X 378. 


Fig. 


Fig. 9. Zygote and primary endosperm nucleus; note a 


degenerating synergid by the side of a zygote. x 378. 


dyad cells of which the lower is the larger 
(Fig. 2). During further Cevelopment, 
the micropylar dyad cell degenerates, 
while the lower undergoes another division 
forming two megaspores. Like the micro- 
pylar dyad cell the upper megaspore is 
small and degenerates very soon. Thus 
the 3-celled structure, commonly referred 
to as a ‘triad’, is of regular occurrence 
(Fig.3). This fully supports the account 


of Maheshwari & Khan (1953). There is 
no doubt that Billings ( 1937 ) had wrongly 
concluded that the megaspore mother cell 
directly forms an embryo sac. 

The megaspore enlarges, becomes vacu- 
olated, and its nucleus undergoes three 
successive divisions to form an 8-nucleate 
embryo sac (Figs. 4, 5). Thus the 
female gametophyte follows a typical | 
Polygonum type of development. The« 
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mature embryo sac shows the usual 3- 
celled egg apparatus, two polar nuclei 
which may fuse quickly, and three anti- 
_ podal cells ( Fig. 5). The antipodals are 
ephemeral so that the mature embryo sac 
is at times only 5-nucleate. The polar 
nuclei meet just below the egg (Fig. 6) 
and fuse to form the secondary nucleus. 
The synergids are ephemeral and usually 
degenerate before fertilization. Here, 
again, Billings was mistaken in supposing 
that the mature embryo sac is 3-nucleate 
comprising two synergids and a single 
| endosperm nucleus ( Figs. 10, 11.). 
FERTILIZATION — One preparation show- 
ed both syngamy and triple fusion ( Fig. 
| 8). One of the male gametes was pressed 
close to the egg nucleus, while the small 
) nucleolus of the second male gamete 
| was already included in the secondary 
| nucleus although still retaining its indivi- 
| duality. Billings missed all the stages of 
‘fertilization and wrongly concluded that 
| it was absent. Further, at one place he 
| writes, “In I. arborea there is a count 
Lin both I and II of 17, a somatic count 
of 17 and a megagametophytic count 
also of 17 which is shown by mitosis in its 
development and in that of the endo- 
sperm.’’ This seems to be very doubtful 
in the light of my observations. A careful 
study of the chromosome count would 
| have been very desirable, but unfortun- 
ately suitable divisional stages were not 
| available in my material. However, the 
fact that syngamy and triple fusion do 
 occur normally, leads me to think that 
| meiosis must also be a regular feature. 

_ ENDOSPERM — The primary endosperm 
nucleus may lie close to the oospore, but 
‚is also at times situated away from it, 
|somewhere in the middle of the embryo 
sac (Fig. 9). Usually it divides before 
the first division of the oospore, but rarely 
|the reverse condition is also seen. Fur- 
ther, in many embryo sacs while the large 
undivided endosperm nucleus was clearly 
seen in a healthy condition, the egg appa- 
ratus and the antipodal cells had already 
degenerated. Such an endosperm nucleus 
is not of much consequence as it also 
aborts in due course of time. 
| The endosperm is of the Nuclear type as 
shown in Figs. 47, 48 (see also Billings, 
11937: Maheshwari & Khan, 1953). The 
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nuclei undergo rapid multiplication and 
are uniformly distributed along the peri- 
phery of the embryo sac, the central part 
being occupied by a large vacuole ( Fig. 
52). Simultaneously the embryo sac 
extends into the chalazal region by the 
disintegration of the nucellar cells and 
assumes a J-shape ( Figs. 50, 52). During 
the early stages of embryo development 
the upper part of the embryo sac contains 
only a few endosperm nuclei, the greater 
part of the endosperm being restricted to 
the lower half of the cavity. Later, the 
free nuclei and cytoplasm extend to the 
micropylar end also. The endosperm 
remains free nuclear for a considerable 
part of the seed development ( Figs. 50, 
52, 54). Only at the time of differentia- 
tion of the cotyledons does the endosperm 
show the beginning of wall formation 
which proceeds from apex downwards 
(Fig. 55). Along the periphery of the 
embryo sac, the newly organized endo- 
sperm layer undergoes repeated periclinal 
divisions so as to present a cambium-like 
appearance (Fig. 56). It is largely by 
the division and enlargement of these cells 
that the whole of the embryo sac cavity 
is filled with cellular endosperm. Usually 
the endosperm cells are uninucleate but 
several showed a binucleate and a few 
even a multinucleate condition ( Figs. 57, 
58, 59). Their nuclei may often coalesce 
to form giant irregular nuclei ( Figs. 60, 
61). In the chalazal part, free endosperm 
nuclei may be seen even after the cellular 
phase is sufficiently advanced ( Figs. 55, 
71). The rapidly developing embryo 
consumes almost the entire endosperm 
tissue and fills the seed ( Fig. 62 ). 

Billings ( 1937 ) in his account of the en- 
dosperm of Isomeris stated that prior to 
the cellular phase, a part of the free nu- 
clear endosperm gives rise to endosperm 
nodules which are of varying shapes and 
sizes and show a multinucleate condition 
(Figs. 14-18). I found no such peculiarity. 
The so-called endosperm nodules are only 
fragments of the massive suspensor which 
Billings mistook as endosperm vesicles 
( Figs. 50, 51). This aspect will be dealt 
with in somewhat greater detail in the 
later part of this paper. 

EMBRYO — The origin of the embryo 
posed a very baffling problem ever since 
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- The lower portion of the sac has penetrated well into the nucellus. x 686. 
The endosperm nucleus appears to consist entirely of the 
Fig. 12. Globose structure containing free nuclei which has developed from 
Fig. 13. Chain of cells that developed from a synergid. The free 
Fig. 14. Early stage in nodular endosperm formation. 


. usually short mature embryo sac. 


| events in Isomeris. 


verse wall ( Figs. 26, 27). 


approximately similar size. 
-however, almost all the cells, but for a 
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Billings (1937) gave his very elaborate 
account of its origin from one of the endo- 
sperm nodules (Figs. 18-25). Several 
embryologists had expressed doubt re- 
garding the accuracy of this work and the 
need for reinvestigation was repeatedly 
emphasized (see Gustafsson, 1947; Tisch- 
ler, 1942/43; Maheshwari, 1950: Johan- 
sen, 1950). Nearly 15 years elapsed 


_ before Maheshwari & Khan (1953) took 
. up this problem but were unable to come 


to any satisfactory conclusion and left 
this point to be verified by further study 
when more material was available. Later 
Maheshwari & Sachar (1954b, 1955) 
successfully traced the origin of the em- 
bryo and also solved the mystery of the 
‘endosperm nodules’ described by Bil- 
lings. 

The following account, it is believed, 
gives for the first time a correct picture of 
embryonal development and associated 
The first division of 
the zygote is accompanied by a trans- 
Divisions of 
both terminal and basal cells are again 
transverse, resulting in a linear 4-celled 
proembryo ( Figs. 28-31). The cells of 
the proembryo continue to divide trans- 
versely forming an exceptionally long 
uniseriate chain of cells (Figs. 32-38). 


During the earlier part of this develop- 


ment, all the cells are uninucleate and of 
Eventually, 


few apically situated ones, become multi- 


u — 


Fics. 10-25 — Embryo sac, endosperm nodules and so-called endosperm embryos 
Fig. 10. Mature embryo sac with two synergids and an endosperm nucleus. 


Billings, 1937). 


nucleolus. x 686. 
one of the synergids. x 686. 
nuclei are those of endosperm. x 313. 
x 313. 


Endosperm nodule showing late stage in wall formation. x 313. 
as seen in a section parallel to one side of the embryo sac. x 313. 
at about the time embryo formation begins. 


the embryo is indicated at e. 


ing three different locations of embryo development; 


Fig. 15. Endosperm nodules showing beginning of wall formation. x 313. 
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nucleate ( Figs. 39, 40, 42, 44, 46). They 
elongate considerably and become greatly 
hypertrophied. They have dense cyto- 
plasm although it contains prominent 
vacuoles. The enlargement of the sus- 
pensor cells begins from the basal end of 
the proembryo and continues towards the 
apical end. However, two to four apical 
cells remain small and uninucleate. They 
are the progenitors of the embryo proper 
but can possibly add a few more cells to 
the suspensor. The large massive sus- 
pensor presumably serves as an aggres- 
sive haustorium. It not only provides 
nourishment to the very young embryo 
but also pushes the latter in the lower 
part of the embryo sac where there is a 
greater accumulation of the endosperm 
nuclei ( Figs. 41-46, 48, 49). The sus- 
pensor haustorium attains huge propor- 
tions, but in microtome sections it gets 
cut up into small multinucleate vesicles 
(Fig. 50). Very often the suspensor 
becomes coiled ( Figs. 43, 44) so that in 
thin longitudinal sections many of the 
suspensor cells appear in the form of 
nodules along the two sides of the embryo 
sac (Figs. 50-53). Since these are im- 
bedded in the free nuclear endosperm, 
Billings completely misinterpreted their 
nature and mistook them for endosperm 
nodules. In this connection I wish to 
emphasize the value of the dissection 
method in solving many problems. The 
extremely long and coiled suspensor is seen 
in full prospective only in whole mounts 


(after 


Fig. 11. An un- 


Fig. 16. 
Fig. 17. Endosperm nodule, 
Fig. 18. Diagram of ovule 


The usual position of the nodule that gives rise to 
Fig. 19. Diagram of the embryo sac in longitudinal section show- 


e, embryo; #, endospern nodule from 


which the embryo is derived. Fig. 20. Endosperm nodule developing in‘o a proembryo by means 


of a cylindrical, multinucleate process. x 313. 


showing an early stage in embryo formation. 


development of cross walls is irregular. x 313. à 
sperm nodule within which concave wall formation has not begun.” x 313. 
the formation of a quadrant and concave walls in endosperm nodule. x 313. 


embryo with endosperm nodule. x 313. 
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Fig. 21. Endosperm nodule with pointed end 
Fig. 22. Young embryo in which the 
Fig. 23. ‘ Young embryo with attached endo- 
Fig. 24. A stage in 
Fig. 25. Older 


IM 


(Figs. 41-44). Billings saw only bits of 
he massive suspensor and was, therefore, 
/nisled into incorrect interpretations. 

__ After the globular stage of the embryo 
che suspensor shows signs of degeneration. 
The suspensor cells show numerous deeply 
staining granules and only two to three 
huclei (Figs. 50, 51). The granular 
bodies might be the disintegration pro- 
Hucts of some of the nuclei. Eventually 
che cells break down completely liberating 
heir contents in the general cytoplasm of 
che endosperm. There is no trace of the 
suspensor when the embryo has developed 
h pair of small cotyledons ( Figs. 54, 55). 
| Further development of the embryo 
broper occurs in the middle part of the 
embryo sac. It encroaches upon the 
cellular endosperm and eventually fills the 
entire cavity of the embryo sac ( Fig. 62). 
| SEED CoAT— At the mature embryo 
bac stage the outer integument consists, 
or the most part, of 2-3 layers of cells, 
out is 4-6 layered in the micropylar region 
‚Fig. 66). The inner integument con- 
sists of 6-10 layers of cells and forms the 
More important part of the seed coat 
Fig. 66). 

The cells of the outer integument re- 
main thin-walled and unspecialized. They 
do not undergo any divisions but show a 
slight increase in size ( Figs. 67-72) and 
often become filled with starch grains 
(Fig. 72). The epidermis develops a 
thick cuticle on its outer tangential wall. 
Stomata with incomplete separation of 
guard cells were observed on it, more 
especially along the funicular side of the 
ovule (see also Orr, 1921 )?. Some of the 
stoma mother cells fail to divide, result- 


3. In a few other cases also, like Nerine curvi- 
folia ( Schlimbach, 1924), Hymenocallis occident- 
alis (Flint & Moreland, 1943), Gossypium 
(Seshadri Ayyanger, 1948 ) and Argemone mexi- 
cana ( Sachar, 1955 ), stomata have been observ- 
ed on the outer integument of the ovules. 
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ing in the absence of a stomatal aperture 
( Figs. 63-65 ). 

The inner integument differentiates into 
two distinct zones. The cells of the outer 
zone consisting of 1-4 layers expand con- 
siderably. This enlargement first occurs 
in the micropylar region of the ovule and 
gradually extends to its chalazal part. 
The cells soon become highly thickened 
and develop simple slit-like pits on their 
walls. They retain their nuclei even in 
this pitted condition ( Figs. 70, 72). 

The inner zone, on the other hand, 
consists of 5-6 layers of cells of which the 
innermost forms the endothelium ( Fig. 
68). Owing to the disorganization of the 
nucellar tissue, it comes in direct contact 
with the embryo sac. Divisions of the 
other cells result in an increase from half a 
dozen to a dozen or more layers ( Figs. 
68270072) 

The mature seed coat is very hard 
which is mainly due to the thickened cells 
derived from the outermost layers of the 
inner integument. 


Discussion 


Billings (1937) gave a long list of 
abnormalities in /someris arborea. The 
plant was supposed to be haploid, meiosis 
was omitted, fertilization never occurred, 
the embryo grew from one of the endo- 
sperm nodules and so on. (For conve- 
nience of discussion the more important 
of his figures are reproduced; see Figs. 
10-25.) With the appearance of three 
recent papers, (see Maheshwari & Khan, 
1953; Maheshwari & Sachar, 1954b, 
1955) the number of these abnormal 
features has been steadily reduced and 
present observations show that Zsomeris 
arborea is practically free from any stray 
development. 

FEMALE GAMETOPHYTE — The develop- 
ment of the female gametophyte is normal 


<——— 


Figs. 26-40 — Development of the embryo. 


position of proembryo ( marked + ). 
tissue is hatched. x 46. 


enlarged from figures 26, 28, 30, 32, 35 respectively. x 466. 
Figs. 37, 39. L.s. ovules showing filamentous proembryos (x). 


X 466. 


uniseriate proembryo marked x in Fig. 37. x 466. 


Figs. 26, 28, 30, 32, 35. L.s. ovules to show the 
Endosperm nuclei are represented by dots and the nucellar 
Figs. 27, 29, 31, 33, 34. Stages in the development of proembryos 


Fig. 36. Filamentous proembryo. 
x 46. Fig. 38. A 24-celled 
Fig. 40. Magnified view of proembryo marked 


x in Fig. 39; some of the suspensor cells have become multinucleate. x 46. 


Fics. 41-46. 


in all respects. Billings’ (1937) state- 
ment that the megaspore mother cell 
directly functions as a megaspore is 
wholly incorrect. It has been clearly 
‘demonstrated that the megaspore mother 
cell undergoes the normal reduction divi- 
sions and a ‘triad’ consisting of an 
upper dyad cell and two lower megaspores 
is produced. Of these, the chalazal 
megaspore gives rise to an 8-nucleate 
embryo sac of the Polygonum type. 
Billings had wrongly assumed that the 
embryo sac is devoid of an egg and com- 
prises only the 2 pyriform synergids and a 
primary endosperm nucleus ( Figs. 10, 11 ). 
[ have observed several preparations of 
sections as well as whole mounts of 
embryo sacs and it can be stated definitely 
that the egg apparatus invariably pos- 
sesses a perfectly normal egg cell at the 
usual micropylar position (Figs. 5-7). 
Thus it may be concluded that the female 
zametophyte follows the normal mono- 
sporic type of development. 

Billings (1937) writes: “ The endo- 


A : 5 : 
sperm nucleus in /someris arborea is single 


in origin and is haploid with respect to its 
chromosome complement, as was defi- 
aitely determined by a count in one of its 


dividing daughter nuclei.”’ It is now clear 
that he had failed to see the second polar 
aucleus which lies by the side of the upper 
polar nucleus (Figs. 6). The size and 
appearance of the large central nucleus 
n many embryo sacs leave no doubt that 
it represents the fusion product of the 
two polar nuclei ( Figs. 5, 7 ). 

| FERTILIZATION — Billings (1937) 
stated: “ A pollen tube may enter the 
micropyle and form a bulbous terminus 
m the embryo sac. It does not discharge 
its contents, but instead develops a 
thickened wall and remains intact during 
the earlier stages of endosperm develop- 
ment.” He added that “ As there is no 
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discharge of sperm nuclei there is no 
fertilization, but the question arises, is the 
presence of pollen tube a necessary sti- 
mulus to endosperm development ? In 
an absolute sense the answer would have 
to be no, for embryo sacs have been found 
with endosperm in which there was no 
vestige of a pollen tube; while others have 
been found in which all three nuclei were 
intact, the ovule partially shrivelled, yet a 
prominent pollen tube terminus was seen 
in the micropylar end of the sac. It is 
generally true, however, that the majority 
of embryo sacs with endosperm also 
contain pollen tube termini.” 

A surer method to decide whether 
pollination or the pollen tubes are essential 
for the production of endosperm would 
have been to bag the castrated flowers 
and then examine the ovules, but appa- 
rently Billings never tried that. Pollen 
tubes were frequently seen in my prepara- 
tions and in one ovule syngamy and triple 
fusion were also clearly observed ( Fig. 8 ). 
From this, it may be concluded that 
double fertilization occurs normally in 
Isomeris. 

ENDOSPERM — Billings described three 
phases in the development of the endo- 
sperm. He wrote: “ Free-cell formation is 
the first step in endosperm development. 
Some of the daughter nuclei move up into 
the micropylar tip of the embryo sac while 
others pass down along its inside wall 
where with the connecting cytoplasm they 
form a thin and closely appressed layer.” 
This free ‘cell formation ’, commonly 
known as the free nuclear stage, was 
also observed in the present investigation. 
However, Billings added that later the 
endosperm becomes “as nodular’’. In 
such cases the cytoplasm around the 
vicinity of endosperm nuclei becomes 
dark and these areas extend to form 
cylindrical, or even globose masses which 
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Fics. 41-46 — Development of the embryo ( contd.). 


f embryo sac with the proembryo and free nuclear endosperm. nifie 
Fig. 43. Whole mount of embryo sac with its pro- 


>f the proembryo shown in Fig. 41. x 382. 
smbryo having an enlarged suspensor; 


of the proembryo in Fig. 43 with highly coiled suspensor; 


endosperm not drawn. X 88. 


Fig. 41. Whole mount of lower part 
x 88. Fig. 42. Magnified view 


Fig. 44. Magnified view 
the multinucleate cells belong to 


he suspensor, while the two uninucleate cells at the base are progenitors of the embryo proper. 


x 382. Fig. 45. Older ovule containing a long proembryo (marked x). X 35. 


Proembryo enlarged from Fig. 45. X 350. 


Fig. 46A, B, 
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are later surrounded by walls and de- 
marcated from the general cytoplasm 
( Figs. 14-17). The distribution of such 
endosperm nodules was found by him to 
be quite variable. Usually, they were 
seen in the lower curved portion of the 
embryo sac but, at times, also in the 
micropylar region of the sac. 


PHY TOMORPHOLOGY 


In reality the endosperm shows no such 
peculiarity and as will be seen below the 
so-called endosperm nodules really re- 
present parts of the embryo. 

Billings calls the third stage as a cellulax 
endosperm arising from the extra nodulaı 
free nuclei. The cellular stage has alse 
been observed by me. 


Fics. 47-62. 
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 ENDOSPERMIC ORIGIN OF THE EMBRYO— 
Out of the many abnormal features des- 
‚eribed by Billings, the endospermic origin 
of the embryo is the most novel. Endo- 
‚spermic embryos had also been reported 
in earlier literature, but in almost every 
‚case, subsequent reinvestigations yielded 
only negative results. 
| For instance, Treub ( 1898 ) who for the 
first time reported the presence of endo- 
sperm embryos in Balanophora elongata 
wrote that although the embryo sac is 
normally organized, fertilization is absent 
and the egg apparatus degenerates. The 
upper polar nucleus produces a cellular 
endosperm, a single deep-seated cell of 
which functions as an embryo initial. In 
1913 Ernst showed, however, that the 
embryo arises from the egg which is im- 
bedded in the cellular endospermé. 
Rosenberg (1908) and Haberlandt (1921) 
similarly reported that in some species of 
Hieracium embryos are derived from the 
endosperm. A few years later Rosenberg 
(1930) withdrew this interpretation. 
More careful observations revealed the 
presence of multiple embryo sacs which 
are produced in an aposporous fashion 
and fuse in such a way as to lose their 
individuality. The embryos which he 


4. Surprisingly, Lebégue ( 1952 ) in his review 
on polyembryony states that the only established 
‘cases of endospermic origin of multiple embryos 
are those of Balanophora elongata ( Treub, 1898 ) 
and B. globosa ( Ernst, 1913). In fact Ernst 
‚(1913 ) contradicted Treub’s account and showed 
clearly that in Balanophora the embryo arises 
normally from the egg. 
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previously believed to have originated 
from the endosperm were actually found 
to owe their origin to the egg cells of dif- 
ferent embryo sacs which had come to lie 
in a common mass of endosperm. 

A more recent case is that of Trillium 
where Jeffrey & Haertl (1939) reported 
that “neither the egg nor the endosper- 
mal complex is fertilized by the nuclei of 
the pollen tube.” The embryos, which 
are diploid, are said to arise as adventi- 
tious buds from the endosperm. In a 
reinvestigation of material from the same 
sources, Swamy (1948) demonstrated 
normal fertilization and established the 
diploid and triploid nature of the embryo 
and endosperm respectively by making 
chromosome counts. The embryo at the 
micropylar end was found to arise from 
the zygote, while the remaining embryos 
arose by the proliferation of nucellar 
cells. 

Returning to [someris, Billings ( 1937) 
wrote that “The embryo in Isomeris 
arborea does not arise from a zygote or 
an egg cell, nor does it develop at 
the micropylar tip of the megagameto- 
phyte.’’ He added that since there is no 
egg, ‘‘ The only remaining structure in the 
micropylar region from which an embryo 
could be derived would be one of the 
synergids which occasionally, though not 
generally, forms a cell row resembling a 
suspensor.”’” In one case he observed a 
synergid which had become globose in 
shape and contained free nuclei ( Figs. 12, 
13). He commented, however, that “ this 
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Fics. 47-62 — Formation of endosperm and embryo. 


Fig. 47. Free nuclear endosperm 


with a 3-celled proembryo at the micropylar end. x 424. Fig. 48. Older stage where the 
‘endosperm nuclei have taken up a peripheral position; the embryo is marked x. x 12. Fig. 49. 
‘One of the suspensor cells magnified from proembryo in Fig. 48. x 424. Fig. 50. Nuclear 
| endosperm at the globular stage of the embryo (x); the small vesicles seen in the long arm of the 
‘embryo sac are suspensor cells cut in various planes. x 12. Fig. 51. A suspensor cell marked y 
in Fig. 50 magnified to show beginning of degeneration. x 242. Fig. 52. J-shaped embryo sac 
‘containing free nuclear endosperm; the heart-shaped embryo is lying in the middle region of the 
embryo sac and the suspensor is represented by degenerating vesicles. X 12. Fig. 53. A sus- 
pensor cell in the final stages of degeneration, magnified along with the surrounding free nuclear 
‘endosperm (from y in Fig. 52). x 242. Fig. 54. Still older stage with free nuclear endosperm; 
the transversely cut cotyledons are shown in black. x 12. Fig. 55. Embryo sac containing young 
‘dicotyledonous embryo; the massive suspensor is completely absorbed. The endosperm has 
entered the cellular phase (cross hatched) in the micropylar part, while the chalazal end is still 
free nuclear. x 12. Fig. 56. Magnified view of outer part of cellular endosperm to show cambium- 
like nature of peripheral cells (from z in Fig. 55). x 424. Figs. 57-61. Individual endosperm 
cells showing uni-, bi- and multinucleate condition as well as various stages in nuclear fusion. 
x 424. Fig. 62. L.s. seed containing mature embryo. x 6. 
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Fics, 63-72. 


activity seems to serve no important 
useful purpose.”’ 

My investigation clearly showed a 
normal egg apparatus consisting of two 
synergids and an egg. Of these three cells 
it is the synergids which degenerate at an 
early stage, while the egg remains quite 
healthy. It seems that what Billings 
regarded as a persistent synergid is really 
the egg or the zygote. Also, the chain 
of cells seen by him is derived by the 
division of this cell and not a synergid 
mrigs. 9, 38). 

Billings not only postulated the, endo- 
spermic origin of the embryo, but also tried 
to locate the exact mode and the place of 
its origin from the endosperm nodules. 
He states: ““ A search for young embryos 
in ovules with only a moderate amount of 
endosperm has always yielded negative 
results. Only after the ovule has reached 
a comparatively large size, and nodule 
formation has about reached completion, 
has the presence of an embryo been noted. 
By an almost invariable rule the embryo 
arises near the bottom of the long arm of 
the embryo sac, a position which is about 
equidistant from the micropylar and 
chalazal end ( Fig. 34e). At no time was 
an embryo found within the short arm of 
the embryo sac. Three positions of 
embryos are represented in Fig. 38. As 
stated above, by far the most common 
location is the lowest one, or that near the 
concave bend of the embryo sac. Only a 
few have been noted near the convex bend, 
and only once was one found near the 
micropylar region.” (see Fig. 19). 

_ After making an intensive study of 
several hundred ovules, I found two sets 
of conditions prevailing in the embryo 
sac: 

_ 1. Several embryo sacs show only a large 
primary endosperm nucleus, while the egg 
apparatus had completely degenerated. 
The further fate of this nucleus is not 
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known. Presumably this too degenerates 
during subsequent development and the 
ovule aborts. 

2. In other cases both egg and primary 
endosperm nucleus are distinctly seen. 
After fertilization the former continues its 
normal development into a proembryo, 
while the latter gives rise to the free 
nuclear endosperm. The young proembryo 
is a uniseriate filamentous structure and 
is always seen in its normal micropylar 
position (Figs. 26-38). Later, the cells 
of the proembryo enlarge considerably 
and all the cells constituting the suspensor 
become multinucleate. The cells repre- 
senting the embryo proper remain uni- 
nucleate and are much smaller. Due to 
the formation of an exceptionally long 
suspensor the embryo proper is pushed 
down into the lower part of the embryo 
sac ( Figs. 41-46). It is this long twisted 
suspensor which led Billings (1937) to 
conclude that embryos arise from endo- 
sperm nodules ( Figs. 20-25). This mis- 
take was partly repeated by Maheshwari 
& Khan ( 1953 ) who expressed agreement 
with Billings in so far as the origin of the 
“nodules’’ from the endosperm. They 
write: “ In the earlier stages of endosperm 
development the free nuclei are distri- 
buted more or less uniformly without a 
marked aggregation in any particular 
region. Later, at about the stage shown 
in Fig. 13, the middle region of the endo- 
sperm shows some changes. Some of the 
nuclei become aggregated into small 
groups whose cytoplasm becomes more or 
less separated from the general cytoplasm 
and acquires a definite shape so as to 
produce nodular masses ( Figs. 13, 14). 
The nodules present a great variety in 
shape and size and are quite numerous.” 

However, their agreement with Billings 
stopped at this point. To quote them 
again, ‘‘ Our drawings of Isomeris show a 
strong resemblance to those of Billings 
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Fics. 63-72 — Development of seed coat. 


Fig. 63. L.s. young ovule. x 13. 


Figs. 64, 65. 


Portions of outer integument magnified from Fig. 63 to show stoma mother cell and the guard 


cells. x 438. 
72 respectively (x). x 13. 
Etage. x 125. 


Fig. 68. Portion of seed coat at mature embryo sac stage. 


Figs. 67, 69, 71. L.s. young and old seeds to serve as index figures of Figs. 68, 70, 
Fig. 66. Magnified view of the upper part of the seed at an early 


x 125. Fig. 70. Seed 


coat at the globular stage of the embryo. x 125. Fig. 72. Same after formation of cotyledons. x 125. 
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but do not prove® the endospermic origin 
of embryo as assumed by Billings. The 
problem has proved so difficult that we 
have thought it proper to publish these 
observations as far as they go and return 
to the topic at a later stage when more 
material has been examined.” 

The confusion, it is now clear, stemmed 
from the fact that all previous investiga- 
tors ( Billings, 1937; Maheshwari & Khan, 
1953 ) relied almost entirely on microtome 
sections. Since the suspensor is highly 
coiled, it is usually cut up into several seg- 
ments of varying sizes depending upon the 
plane of sectioning and they look like 
multinucleate vesicles imbedded in free 
nuclear endosperm. Billings ( 1937 ), who 
had missed both the zygote as well as the 
early stages of embryo, was easily led to 
believe that these vesicles or nodules are 
derived from the free nuclear endosperm. 
And as he saw a close connection between 
these nodules and the embryo in the 
middle part of the embryo sac, he postu- 
lated an endospermic origin of the embryo. 
To conclude, these vesicles, provisionally 
accepted as endosperm nodules also by 
Maheshwari & Khan ( 1953 ) and Mahesh- 
wari & Sachar ( 1954b ), are in reality the 
cells of the massive suspensor ( Mahesh- 
wari & Sachar, 1955 ). 

In this context Billings’ report that a 
synergid may develop into a globose body 
containing free nuclei is also quite uncon- 
vincing. I have observed similar struc- 
tures in my slides and can state defi- 
nitely that they represent merely cross- 
sections of a multinucleate suspensor cell 
having no relation whatsoever with a 
synergid. Finally, it may be said that the 
synergids are ephemeral structures which 
invariably degenerate and disappear long 
before the division of the primary endo- 
sperm nucleus. 

The occurrence of endosperm nodules in 
Isomeris arborea may then be finally dis- 
carded and their giving rise to embryos is 
certainly out of question. Of course, 
there are a few other angiosperms like 
Musa errans ( Juliano & Alcala, 1933), 
Impatiens roylei ( Dahlgren, 1934 ), Olden- 
landia corymbosa ( Farooq, 1953), Stack- 
housia linariefolia ( Narang, 1953), Pen- 


5. Italics mine. 
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nisetum typhoideum ( Narayanaswami, 
1953), Capsella bursa pastoris ( Mahesh- 
wari & Sachar, 1954a ) and Cocos nuctferady 
( Cutter et al., 1955 ) in which a part of they 
endosperm does differentiate into distinct} 
vesicles or nodules. But in all these cases, E 
the embryo arises normally from the 
zygote and the vesicles do not have an 
role in the production of embryos. 

Nevertheless a few reports of endosper 
embryos still exist in literature and are 
as yet uncontradicted. They may be 
briefly enumerated below: 11 

In some polyembryonic seeds of 7718 
ticum vulgare (Yamamoto, 1936) and 
Secale cereale ( Kostoff, 1939) triploids: 
were of more frequent occurrence tha 
haploids and diploids. In the opinion of 
Yamamoto and Kostoff the triploids or 
ginated from the endosperm. However, Bt 
they have not presented any microscopie 
evidence in favour of such a view and it if! 
appears more likely that the triploid 
embryos originated either by the fertiliza- 
tion of a diploid ( aposporic ) embryo sac, # 
or by the fusion of a cell of a haploid! 
embryo sac with two male gametes, or 
with one unreduced male gamete. 

In Alnus rugosa Woodworth (1930) 
considered the embryo to have originated lf 
from endosperm cells. The only argu- 
ment advanced for this is that the em- 
bryos were found to be imbedded in the 
endosperm without any connection with 
the nucellus, a condition which in my 
opinion could have resulted either by the 
fusion of adjacent embryo sacs®, or by the 
displacement of nucellar embryos, or be- 
cause his sections were non-median. 

In an ovule of Portulaca oleracea, ,¥ 
Kajale ( 1942 ) figured 3 embryos develop- | 
ing side by side in the same embryo sac. | 
One of them is much larger and was con- 
sidered to have developed from the nor-/ 
mally fertilized egg. The other two were: 
bicelled and were supposed to have ori-- 
ginated from the endosperm nuclei. Ka-- 
jale thinks that the additional embryos; 
could not have arisen from synergids or’ 
antipodals as these disappear at a stage: 
represented by the larger embryo. Nor’ 
could they have developed, he says, from ı 

6. Woodworth (1930) has also recorded | 


adventive embryony and the occurrence of 1-4- 
embryo sacs in the same ovule of Alnus rugosa. : 


i 


j 
\ 


of a suspensor. 


‚nucellar cells as they were situated well 
{within the embryo sac having no connec- 
tion with the cells of the nucellus. 
‚ever, the possibility of synergid or nucellar 


How- 


embryony cannot be ruled out so easily. 


Occasional persistance of synergids and 
their giving rise to additional embryos is a 
well known feature in many angiosperms 
(see Maheshwari, 1950 ). 


Likewise nucel- 
lar embryos may later become surrounded 
by the endosperm and need not show any 
connection with the nucellar tissue, espe- 
cially in sections which are not absolutely 
median. I consider that in Portulaca also, 


the supernumerary embryos arose either 


from the synergids or from the nucellus. 
Recently Bagda (1952) has recorded 


many peculiarities in Quercus macrolepis. 


The egg is fertilized and produces a pro- 
embryo with a normal suspensor. The 
polar nuclei do not fuse with the male 
gamete, although they still form a nuclear 
endosperm. Such development is com- 
paratively rare however, and more fre- 
quently it is apomictic. A cell com- 
monly lying in the middle of the nucellus 


becomes enlarged and gives rise to a 


uninucleate aposporic embryo sac, while 
the normal embryo sac is crushed and 
absorbed. This single nucleus divides 
with considerable rapidity resulting in a 
nuclear endosperm. Now, one of the 
endosperm cells at the micropylar end is 
said to form an embryo which is devoid 
However, Bagda’s figures 
are so unconvincing that no reliance can 
be placed upon his conclusions. A rein- 
vestigation is desirable. 

EmBryo — Mauritzon ( 1934 ) has given 


‚a brief account of embryo development in 
_Cleome serrata, C. monophylla, Gynandrop- 
sis pentaphylla, Capparis frondosa and 


C. galeata. Johansen (1950) considers 
that ‘‘ all these species follow the Alyssum 
Variation, Onagrad Type, very closely.” 


Raghavan ( 1937) gave a detailed account 


of the embryogeny of Cleome chelidomii. 
According to him the zygote divides 
transversely forming an apical and a 
basal cell. The apical cell divides by a 
vertical wall, while the basal divides in a 
transverse plane. As the embryo proper 
is derived from the apical cell only, this 
species also falls under the Onagrad or 
Crucifer type. 
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In Isomerts arborea I find that both the 
apical as well as the basal cells undergo 
transverse divisions. Further the embryo 
proper arises from a few derivatives of the 
apical cell while the remaining daughter 
cells of the apical and all the derivatives 
of the basal cell go to form the massive 
suspensor. 

This type of development, usually 
designated as the Solanad type, also 
occurs in some other members of the Cap- 
paridaceae. Capparis aphylla (Sachar, 
unpublished), Cadaba indica and Crataeva 
religiosa (Narayana, unpubl.) may be cited 
as examples. Some of Mauritzon’s figures 
of Capparis frondosa also seem to indicate 
the Solanad rather than Onagrad type. 
In addition Mauritzon reported the occur- 
rence of nucellar embryony in this species. 

Besides Isomeris, which possesses a well 
developed suspensor haustorium, Maurit- 
zon (1934) had recorded its presence in 
another member of Capparidaceae ( Pola- 
misia trachysperma ). Here the basal cell 
of the short suspensor serves as a hausto- 
rium. Mauritzon figures this cell as enuc- 
leate and says that it does not divide any 
further. However, he could not follow its 
complete development, and in any case 
the suspensor haustorium of Polanisia is 
quite inconspicuous in comparison with 
that of Isomerts. 

The search for a haustorial suspensor 
in a few locally available members of the 
Capparidaceae (Cleome viscosa, Gynan- 
dropsis pentaphylla and Capparis aphylla ) 
yielded only negative results. 


Summary 


The female gametophyte of Isomeris 
arborea follows a monosporic development 
and the mature embryo sac is 8-nucleate. 
This corrects the earlier report of Billings 
(1937) who reported a modified Adoxa 
type. The mature embryo sac, according 
to Billings contained only two synergids 
and a single polar nucleus, the egg, the 
antipodal cells and the lower polar 
nucleus being absent. I have observed 
the usual egg, three ephemeral antipodal 
cells, two synergids, and two polar nuclei. 

Double fertilization occurs normally. 
Billings’ conclusion that the plant is 
haploid is untenable. 
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The endosperm is of the Nuclear type. 
Many free nuclei are produced which re- 
main imbedded in the peripheral dense 
layer of cytoplasm. Wall formation oc- 
curs only during the late stages of seed 
development and proceeds from the apex 
downwards. Finally, the endosperm is 
consumed by the growing embryo. Bil- 
lings’ report that prior to wall formation 
a part of the free nuclear endosperm 
becomes aggregated into multinucleate 
nodules is incorrect. 

The zygote undergoes a series of trans- 
verse divisions producing a long uniseriate 
filamentous proembryo in the normal 
micropylar position. The cells of the 
suspensor become greatly enlarged and 
multinucleate and presumably serve a 
haustorial role. Often the suspensor be- 
comes coiled. Billings missed the egg and 
thought that the embryo arises in the 
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The only peculiar feature is the formatio 
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THE SEED COAT STRUCTURE OF BRASSICA 
INTEGRIFOLIA (WEST) O.E. SCHULZ VAR. 
CARINATA (A.BR.) 


J. G. VAUGHAN 
Department of Botany and Zoology, Chelsea Polytechnic, London, England 


In the course of investigations into testa 
structure of the Mustards and Rapes, seed 


‘samples have been obtained labelled Ethio- 


pian Rape. This seed is imported into 
Europe for the purpose of oil-extraction. 
The seeds vary in colour from a warm 
brown to a dusty grey and each seed is 
almost rounded in shape. The average 
length of the seed, as measured in a ran- 
dom sample of a hundred units, is 2 mm. 
Even under low magnifications, the testa 
presents distinct reticulations in surface 
view. Some of the seed was grown Im 
the Summer of 1956 at the Chelsea 
Physic Garden and the resulting plants 


corresponded with specimens in the Kew 
Herbarium labelled Brassica integrifoha 
( West ) O.E. Schulz var. carinata ( A. Br.). 
Bailey (1930, 1949) has given a full 
account of the external morphology of 
this plant. 

This Brassica species has also been des- 
cribed as Abyssinian Mustard or One- 
Month Cabbage. It is cultivated in 
Ethiopia and adjacent North East African 
territories. Its seeds provide oil while its 
leaves may be utilized as vegetables. 
Burkill ( 1930 ) has given a concise account 
of the development of the nomenclature 
of the plant. Braun ( 1841 ) supplied the 
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name Brassica carinata and found resem- 
blances in its habit to that of Brassica 
nigra but Richard (1847) related it to 
Brassica oleracea. Thellung ( 1908 ) placed 
the plant in his subspecies eujuncea of 
Brassica juncea but Schulz (1919) took 
Thellung’s subspecies as species and named 
the Ethiopian Mustard Brassica integrifolia 
( West) O. E. Schulz var. carinata ( A. Br.). 
Burkill (1930) preferred to regard the 
plant as a variety of Brassica juncea. It 
would seem more correct to describe the 
plant as a Mustard than a Rape since the 
majority of workers have included it in the 
Brassica juncea complex. 

In addition to its value in pure taxo- 
nomy, the study of Brassica seed coat 
structure is important for species identifi- 
cation in commercial seed samples and 
cattle-cakes. McCugan ( 1948 ) has given 
an historical account of investigations of 
this type while the works of Winton & 
Winton ( 1932, 1939 ) and Gassner ( 1955 ) 
are also important. As far as is known, no 
detailed account of the testa structure of 
Brassica integrifolia ( West ) O. E. Schulz 
var. carinata ( A. Br.) has been published. 


Material and Methods 


The anatomy of the seed coat was in- 
vestigated by means of transverse sections 
and tissue maceration. For the purpose 
of sectioning, the seeds were usually soft- 
ened either by soaking in a mixture of 
water and glycerine overnight or by 
immersing in warm water for a short 
period. A sliding microtome was employ- 
ed and cork was utilized as the supporting 
medium for the seed. Sections of 8-20 u 
thickness were cut. The material was 
bathed in 70 per cent alcohol during the 
process of cutting but the sections were 
transferred to distilled water. They were 
then cleared and stained by soaking in 
cotton blue dissolved in lactophenol and 
permanent preparations were made by 
mounting in glycerine jelly. 

For maceration, portions of the testa 
were heated gently in 5 per cent caustic 
potash solution. They were then teased 
with mounted needles until the tissues 
separated. Ruthenium red or iodine and 
50 per cent sulphuric acid were employed 
as mucilage stains. 
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Observations 


STRUCTURE OF THE TESTA AS SEEN IN 
TRANSVERSE SECTIONS—Winton & Winton 
(1932, 1939) and McCugan (1948) have 
given accounts of the Brassica seed coat 
structure. Four layers of cells may be 
recognized in the testa of the mature seed. | 
They are: (a) epidermis —a single layer: 
of thin-walled cells, usually with mucilage , |B 
(b) sub-epidermis — a zone consisting of! 
one or two layers of usually thin-walled | 
cells; (c) palisade cells — a single layer of, 
cells with their inner and at least the inner! 
portions of the radial walls thickened: 
(d) pigment cells — one or more layers of! 
cells which, in the case of brown seeds, 
contain a dark pigment. Associated with f 
the testa of Brassica seeds is the aleurone. 
layer, consisting of more or less rectangular ' 
cells. 

The appearance of'the testa of Brassica | 
integrifoha (West) O. E. Schulz var. 
carinata ( A. Br.) in cross-section varies 
according to the treatment before and 
during cutting. When seeds are cut dry 
and the sections handled and mounted in 
absolute alcohol, no cellular structure can 
be observed in the epidermal and sub- ' 
epidermal regions but, if seeds are softened 
and processed as described in the para- 
graph on material and methods, transverse 
sections show all the layers characteristic 
of the Brassica testa ( Fig. 1). 

The cells of the epidermis present rather 
an elongated appearance in transverse 
section and their walls are thin compared 
with those of the aleurone layer. The 
outer wall of the epidermal cell is convex. 
There is evidence of mucilage in these cells 
but surface preparations provide more 
information about the distribution of this 
substance. The degree of development of 
the sub-epidermis in sections of mature 
seeds is variable. The zone may be quite 
obvious (Fig. 1) or it may be obliterated 
( Fig. 2). Comparative staining reactions 
of the epidermis and sub-epidermis are 
best observed in surface preparations. 

The palisade cells are yellow-brown in 
colour in unstained sections and their 
inner walls and about two-thirds of their 
radial walls are well thickened. These cell 
walls are stained slightly red with phloro- 
glucin and concentrated hydrochloric” 


Fics. 1-7 — (ep, epidermis; sep, sub-epidermis; pal, palisade layer; pi/, pigment layer; al, 
aleurone layer). Figs. 1, 2. T.s. testa. Fig. 3. Surface view of epidermis. Fig. 4. Surface view 
of sub-epidermis. The outline of the epidermal cells shown by dotted line. Fig. 5. Surface view 
of palisade layer. Fig. 6. Surface view of pigment layer. Fig. 7. Surface view of aleurone layer. 
All figs. x 320. 
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acid. The inequality in height of these 
cells is responsible for the reticulations 
that can be seen in surface view. 

Sections of the vast majority of seeds 
examined showed the pigment layer as a 
solid layer of dark pigment. Only in 
sections taken from comparatively young 
seeds was there evidence of cellular struc- 
ture in this zone. 

The cells of the aleurone layer have 
quite thick walls which give a definite 
cellulose reaction with iodine solution and 
50 per cent sulphuric acid. 

STRUCTURE OF THE TESTA AS SEEN IN 
SURFACE PREPARATIONS — In surface view, 
the epidermal cells are seen to be polygonal 
( Fig. 3) and their thin-walled character 
is easily observed. As pointed out earlier 
in the paper, the distribution of mucilage 
is best studied in surface preparations. 
The mucilage occupies the entire cavity of 
the epidermal cell and Fig. 3 shows that 
each unit of mucilage has a well marked 
core. Radial striations, running from the 
core, can normally be observed in the 
mucilage. Staining with ruthenium red 
or iodine and 50 per cent sulphuric acid 
assists in these observations but mucilage 
study in surface preparations is often 
hindered by the fact that the substance 
readily absorbs water and easily escapes 
from the cell. 

When surface preparations of the epi- 
dermis are made, portions of the sub- 
epidermis are also often seen (Fig. 4). 
The sub-epidermal cells are larger than 
those of the epidermis and the walls 
are thicker. Both epidermis and sub- 
epidermis give poor results when tested 
for cellulose with iodine and 50 per cent 
sulphuric acid. 

The cells of the palisade zone are sharply 
polygonal in surface view (Fig. 5). A 
distinct reticulation is to be seen and the 
meshes of the network are rather small. 
The cavities of the cells are often rounded 
or oval but other shapes may be observed. 
Sometimes, the cell lumen is almost entire- 
ly obliterated. 

It is not easy to isolate the pigment 
layer in macerated material and, normally, 
it remains attached to the aleurone layer. 
The cells (Fig. 6) are large and are 
more or less polygonal. Their cell walls, 
which are thin, frequently show marked 
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distortions. The angular aleurone cells: 
(Fig. 7) have thick cell walls. Bothilf 
layers give positive reactions when stain- 
ed with iodine and 50 per cent sulphuric #? 
acid for cellulose. 


Conclusions and Discussion 


From the point of view of testa struc: J 
ture, the seeds of this Ethiopian plant. 
would seem to correspond most closely 


( Brassica Besseriana Andrz). Seed of” 
Sarepta Mustard has been investigated for” 
this comparison while the descriptions | 
Winton & Winton (1939) and Fedos- 
seyeva (1936) of the testa structure of 
Sarepta Mustard have also been consulted … 

The seed coat in both Mustard species, 
possesses an epidermis, sub-epidermis, | 
palisade layer and pigment layer. An 
aleurone layer is also present. The epi-. 
dermal cells, in both types, contain muci- } 
lage which shows, in each cell, a definite 
core. The cells of the sub-epidermis, in 
both cases, are never very obvious, a 
condition which differs greatly from that 
of Black Mustard. 

In the palisade layer, however, differ- 
ences are to be noted between the two 
species. The inequality in height of the 
palisade cells of Sarepta Mustard is much 
greater than in Ethiopian Mustard with 
the result that the reticulation presented 
by the palisade layer or the whole seed of 
the latter plant is much finer than that of 
Sarepta Mustard. This appears to be the 
only anatomical difference between the two 
seeds. The pigment and aleurone layers 
have the same structure in both cases. 

Some account has been given in the 
introduction of the varying opinions con- 
cerning the systematic position of the 
Ethiopian plant under discussion. The 
majority of workers have included it in the 
Brassica juncea complex, a group which is 
often said to include the commercially 
important Sarepta Mustard and Indian 
Mustard (Rai). It has been shown how 
similar the testa structure is in the case of 
the Ethiopian and Sarepta Mustards and 
very much the same structure exists in 
Indian Mustard ( Winton & Winton, 1932- 
39) apart from the lack of an organized . 
epidermis and sub-epidermis. The placing ! 


1956 | 


lof these three Mustards in the juncea 
group would seem to be supported by 
ithe evidence of testa structure. As the 
‚chemical nature of the seed of the Ethio- 
pian plant is that of a Mustard, identifica- 
tion at least to the juncea group by testa 
structure is useful in cattle-cake analysis. 
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I am indebted to Dr C. R. Metcalfe for 
suggesting this research problem, the 
Incorporated Oil Seed Association of 
London for the supply of material and the 
Central Research Fund of London Univer- 
sity for the loan of certain apparatus used 
in the work. 
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HISTOLOGY OF THE ROOT NODULES 
ON CICER ARIETINUM L.* 


NIRMAL ARORAT 
Department of Botany, University of Delhi, Delhi 8, India 


Introduction 


The morphology of bacterial nodules 
generally occurring on leguminous roots 
has long been debated. Early investiga- 
tors considered them to be galls, tumors, 
lenticels, and abortive or modified roots. 
Within recent years the range in structure 
of nodules and their differences have been 
shown in both the woody and the herba- 


ceous members of the Leguminosae. On 
Wistaria sinensis ( Jimbo, 1927), Sesbanta 
grandiflora ( Harris et al, 1949) and Cara- 
gana arborescens (Allen ef al., 1955) 
nodules persist on the plants for several 
months and renew growth seasonally. In 
contrast nodules on legumes such as 
Phaseolus vulgaris (McCoy, 1929), Ara- 
chis hypogaea ( Allen & Allen, 1940) and 
Aeschynomene indica ( Arora, 1954) are 


*This represents part of the Ph.D. thesis submitted to the University of Rajputana. 
+Present address: Department of Botany, University of Wisconsin, Madison, U.S.A. 
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delicate structures which disintegrate after 
a few months. 

This paper describes the morphological 
development and structure of nodules 
on Cicer arietinum L. The plant is a 
viscose, much branched annual herb. It 
is commonly cultivated in India and other 
tropical countries for human consumption. 


Material and Methods 


Roots of Cicer arietinum bearing nodules 
were collected from plants growing in 
Botanical Garden of Delhi University. 
They were cut into pieces of about 3 cm 
in length and fixed in Navashin’s fluid. 
The usual technique for dehydration and 
imbedding was followed. Serial sections 
of 8-12 u in thickness were stained in 
safranin-fast green, Heidenhain’s iron- 
haematoxylin and Flemming’s triple stain. 
The latter was modified by staining in 
crystal violet for only one minute followed 
by washing in water and immersion in 
standard I-KI solution for two hours. 


Observations 


EFFECTIVE ROOT NODULES — Nodules 
were well developed on the primary and 
secondary roots. On those of the two- 
week old plants the swellings were delicate 
in texture and pale yellow in colour. On 
one-month old plants the nodules were 
spherical to cylindrical, distinctly pink, 
and showed the initiation of branching. 
As growth continued, the older nodules 
became considerably enlarged and branch- 
ed to a more or less fan-shaped structure 
(Fig. 1). The numerous tips were all 
bright pink and the narrow base was dull 
green or brownish. 

The rhizobia invaded the root cortex 
through root hairs and aggregated together 
to form infection thread ( Fig. 2). Nodu- 
lar activity can be induced by rhizobia 
entering through one root hair only. On 
several occasions, however, one nodule 
showed 2-3 infected root hairs in its vici- 
nity. The base of the infected root hair 
does not swell and thicken conspicuously 
as in some other plants ( see McCoy, 1929 ). 

The distance within the cortex to which 
the infection threads penetrate may 
depend to some extent upon the size and 
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maturity of the root. It was observed] 
that in young secondary roots the pene-: 
tration was more or less to the middle of 
the cortex or to about four layers of cells; 
outside the endodermis. In secondary’ 
roots showing secondary growth, only the: 
two inner layers of the cortex remained | 
unaffected. On the other hand, in the; 
primary root the infection threads almost : 
reached the endodermis. In all cases, 
the nodule meristem was exogenous of! 
cortical (Fig. 7). 

Infection threads were conspicuous at. 
all stages of development and were traced. 
with ease from the curled infected root. 
hair through several layers of cortical 
parenchyma ( Fig. 3). The cells through 
which the main infection threads travelled | 
were distinguished by their large size anc 
elongated appearance (Fig. 4). Branch- 
ing of the thread occurred after it enterec 
the root cortex. The infection threads 
appeared to be composed of a mucilagi- 
nous matrix surrounded by a well-defined 
sheath ( Fig. 6) which was usually absent 
in the early stages ( Fig. 3). 

In the region adjacent to the cell wall the 
infection threads developed a bulbous or 
a funnel-shaped swelling (Figs. 5, 6). 
The thread showed a marked affinity for 
the nuclei of the host cells by growing 
towards the nucleus and adhering to it or 
encircling it. There was no evidence of 
any damage to the nucleus through such 
an association. The tips of the thread 
formed globular, blister-like swellings 
which stained deeply. Later they rup- 
tured and released the rhizobia into the 
cytoplasm. 

The presence of infection threads sti- 
mulated the adjoining cells to divide far 
in advance of an actual penetration into 
them. The newly formed cells enlarged 
in size and their nuclei and nucleoli were 
considerably larger than those of the 
normal cortical cells lying beyond the 
influence of the rhizobia. In the early 
stages of proliferation the nodule appeared 
as a mass of small, densely cytoplasmic 
cells ( Fig. 7) with branches of infection 
threads. The rhizobia, when discharged 
in the host cell, became localized in the 
peripheral cytoplasm around the vacuoles. 
Gradually, as the cells became filled with 
rhizobia, mitosis ceased in the older cells, 


Fics. 1-6 — Effective root nodules. Fig. 1. Roots bearing bacterial nodules. x 3. Fig. 2. 
Infection thread passing from the root hair into the cortical cells. x 726. Fig. 3. Two infection 
threads in the cortex. x 342. Fig. 4. Infection thread passing through special enlarged cells. 
of the root cortex. x 327. Figs. 5, 6. Swellings of the infection threads near the cell wall. 


The sheath is well marked. x 271; 461. 
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while division continued in the cells to- 
wards the epidermis. Fig. 8 shows the 
differential development in the nodule, 
the inner cells being nearly full of bacteria 
whereas the outer are meristematic. 

As the nodule grew through cell division 
and enlargement, four typical regions be- 
came conspicuous ( Figs. 9, 16) in median 
longitudinal sections. The outermost was 
the loosely packed cells of the root cortex. 
Within this was the nodule cortex consist- 
ing of uninfected cells. Vascular strands 
from the primary xylem groups of the root 
stele entered this region. Innermost was 
the bacteroid area composed of both 
infected and uninfected cells. A meri- 
stematic zone of small, compact, actively 
dividing and uninvaded cells was found 
at the apex of the nodule. 

The enlarged nodule protruded well 
beyond the original boundary of the 
epidermis. The latter ruptured, and the 
cortical parenchyma cells kept pace to 
some extent by dividing and stretching. 
But later the outer cells were broken and 
sloughed off and the nodule had a protec- 
tive covering of about five layers of cells 
of the inner cortex. Periderm was never 
formed outside the nodule. 

The tissues of the bacteroid region, the 
cortex, and the vascular strand of the 
nodule differentiated and matured acro- 
petally as new cells were laid down by the 
meristem. The latter was composed of 
multiple layers of thin-walled, deeply 
stained cells with prominent nuclei. These 
cells continued to divide even after the older 
infected cells had begun to disintegrate. 

The nodule cortex had 5-8 layers of 
uninfected, parenchymatous, vacuolated 
cells full of darkly staining starch grains. 
The cells showed thickenings of the walls 
in the advanced stage of the disintegration 
of the nodule. These were different from 
the endodermal bands reported in Pisum 
sativum ( Bond, 1948), but appear to be 
very similar to thick cells of Vicia, Glycine 
and Phaseolus ( Frazer, 1942). 

The vascular system of a nodule diffe- 
rentiated soon after the initiation of meri- 
stematic activity and had a fairly regular 
pattern. Three to five vascular strands 
connected the nodule to one or both pro- 
toxylem points of the root stele. But 
usually three strands arose at different 
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levels from the root stele. This was; 
clearly seen in cross-sections through the: 
base of the nodule (Fig. 10). The; 
strands divided dichotomously and the? 
bacteroid area was ultimately encircled! 
by as many as 20 vascular bundles. Some‘ 
of the branches were continuous up to the? 
apex of the nodule. Along the greater! 
length of the nodule the bundles had ami 
inverse collateral arrangement of phloem 
and xylem so that the latter was away if 
from the bacteroid area and phloem was 

nearer to the axis of the nodule ( Fig. 13 ).. 
At the base the bundle was amphicribrai lf 
(Fig. 14) or more or less bicollaterai 
(Fig. 15). The bundles were enclosed} 
by a typical endodermis. 

The bacteroid area in the centre of a 
nodule comprised a large number of in- 
fected and some uninfected cells ( Figs. 9,, 
19). In young nodules the infected cells; 
were small. With the corresponding in- | 
crease in size of the nodule the infected. 
cells also enlarged considerably and reach- - 
ed maturity. Towards the apex just: 
below the meristem were small cells show-. 
ing frequent invasions by the infection, 
threads (Fig. 17). A little lower down; 
were the immature bacteroid cells ( Fig. 
18) each having a large central nucleus: 
with one or two prominent nucleoli. The: 
elongated and older bacteroid cells con- 
tained a large central vacuole with a de- 
formed nucleus pressed to one side ( Fig. 
19). Many chromatin bodies appeared 
in the nuclei so that a clear distinction 
between these and the original nucleolus 
was not always possible. A similar 
appearance of chromatin bodies has also 
been reported in Ornithopus perpusillus 
( Hocquette, 1930 ). 

The uninfected cells constituted ap- 
proximately 40 per cent of the cells com- 
posing the bacteroid area. This was 
taken as an evidence that dissemination 
of the rhizobia did not occur during divi- 
sion of the host cells, and that infection 
was chiefly dependent on invasion by the 
thread. The uninfected cells were small 
with scanty cytoplasm and inconspicuous 
nuclei ( Fig. 19). This is contrary to the 
observations of Rasumowskaja ( 1934) 
who states that during the flowering period 
of Cicer arietinum all the cells of the bacte- 
roid tissue are densely filled with bacteria. ! 


Fics. 7-12 — Development of effective nodules. Fig. 7. Young nodular growth in the 
cortex of the root. x 92. Fig. 8. Nodule showing differentiation of tissues. x 92. Fig. 9. 


An elongated mature nodule. x 41. Fig. 10. T.s. at the base of the nodule showing separate 
origins of the three vascular strands. x 41. Fig. 11. Older infected cells with disintegrating 
contents. x 190. Fig. 12. Degenerated remnants of the bacteroid zone. x48. 
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In my material the mature infected cells 
were twice the size of the neighbouring 
uninfected ones. In older nodules the 
latter showed abundant starch grains 
which persisted till the start of degenera- 
tion, but were consumed by the time the 
bacteria had disintegrated. 

During the later stages of growth the 
nodule turned green in colour. This was 
not accompanied by any evident change 
such as wrinkling of the surface or loss in 
turgidity. Histologically, necrosis pro- 
gressed from the mature cells at the base 
of the nodule to the apical region. Many 
minute vacuoles arose in the cells and the 
rhizobia became clumped together losing 
their affinity for stains. The nuclei also 
underwent disintegration (Fig. 20) and 
the cytoplasmic content of the cells 
became much reduced (Fig. 11). The 
walls persisted for a long time after the 


cellular contents had been absorbed 
(Fig. 20). Their final collapse was 


marked by the destruction of the nodular 
tissue (Fig. 12). 

Many of the cells in the nodule meristem 
were tetraploid ( Fig. 21 ) but diploid cells 
( Fig. 22) were also frequent. The pre- 
sence of abnormally large nuclei and the 
formation of massive spindles also indi- 
cated polyploidy. According to Wipf & 
Cooper (1938) the infected cells of the 
nodule are polyploid. The sporadic occur- 
rence of tetraploid cells in Cicer arietinum 
meristem may, therefore, be attributed to 
the fact that approximately only 60 per 
cent of the bacteroid cells were infected. 
The rest showed diploid nature. Bond 
(1948) reports similar findings in the 
nodule meristem of Pisum sativum. 

INEFFECTIVE ROOT NODULES — Plants 
growing in separate regions of the garden 
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varied in size and also showed differences | 
in nodule development. One lot of plants § 
with stunted growth revealed scanty § 
distribution of nodules. The latter on 
examination were found to be small, un- 
healthy and different in structure from 
the typical nodules. On this species these 
ineffective nodules were exogenous ( Fig. 
24) but the cells in the central region of 
an ineffective nodule were smaller in size 
and surrounded by large undivided cor. | 
tical cells ( Fig. 24). The cortical region 
of the nodule was indistinguishable, al- 
though occasionally the cells around the 
central infected part had a tendency tc 
remain small and simulated the cells ot. 
the nodule cortex. The path of the in- 
fection threads could not be traced. The. 
threads appeared unhealthy, were devoic 
of a well defined sheath, and did not form 
any funnel-shaped swellings during the 
penetration of the cell walls. | 

Twenty per cent of the cells that were 
infected were dispersed in the central 
region of the nodule ( Fig. 25) and were 
considerably enlarged. Some cells showed 
disintegration and absorption of contents. 
Such cells were found among the other 
healthy ones. The walls of the adjacent : 
cells were thickened and gave the appear- 
ance of localized degenerating spots ( Fig. 
23). The vascular tissue was well deve- 
loped and the bundles traversed just out- 
side the central infected region. Three 
or five strands originated independently 
but did not grow far towards the apex. 
This is in conformity with the fact that 
apical growth of the nodule itself is 
arrested due to the absence of the apical 
meristem. 

FALSE OR ATYPICAL NODULES — The 
atypical nodules did not occur together 


_ Fics. 13-23 — (am, apical meristem; bac a, bacteroid area; db, degenerating bacteroid 
region; en, endodermis; hb, healthy bacteroid area; nc, nodule cortex; 7, root; rc, root cortex; 
Fig. 13. Inversely collateral vascular bundle as seen in a cross-section of 
Fig. 14. Amphicribral bundle from the base of the 
Fig. 15. Bundle also at the base showing phloem parenchyma on nearly three 
Fig. 17. Cells from the region below the nodule 
ca Fig. 18. Infected and uninfected cells of the immature 
Fig. 19. Mature bacteroid cells showing central vacuole and large 

Fig. 20. Bacteroid cells during senescence. x 371. 
from nodule meristem with 4n chromosome plate. x 441. 


vs, vascular strand ). 
the nodule through its middle. x 245. 
nodule. x 245. 
sides. x 245. Fig. 16. L.s. old nodule. x 33. 
meristem showing infection threads. x 371. 
bacteroid area. x 371. 
hypertrophied nuclei. x 371. 
region showing 2n chromosomes. 441. 
disintegrating cell is at the right. x 371. 


Fig. 23. Cells from an ineffective nodule. 


——+ 


g Fig. 21: Cell 
Fig. 22. Another cell from the same 
A large, 


Fies. 13-23, 


374 


with effective nodules but were distri- 
buted only on roots bearing ineffective 
nodules. These structures like the young 
bacterial nodules were spherical swellings 
with a broad basal connection to the root. 
Occasionally the swelling surrounded the 
base of a lateral rootlet. Their morpho- 
logical development was less complex and 
they did not show significant similarity to 
normal bacterial nodules. The atypical 
nodule was composed of 4-6 layers of thin- 
walled cortical cells ( Fig. 26) identical 
with the root cortex except for their en- 
larged size. The vascular strand in the 
centre arose directly from and at right 
angles to the parent root stele ( Fig. 27 ). 
In some cases the strand bifurcated at the 
tip. No uniformity existed in the arrange- 
ment of xylem and phloem. Scalariform 
tracheids were intermingled with patches 
of phloem tissue and deeply stained 
parenchyma cells. 

Occasionally in older examples of these 
atypical nodules it was observed that the 
strand continued into a slender rootlet. 
The enlarged cortex thus girdled the base 
of this secondary root. In other instances 
the strand passing into the cortex was 
massive (Fig. 28), gradually curved to 
become parallel to the root stele and 
finally emerged into a lateral root. It 
showed the same tetrarch condition as 
the root stele (Fig. 29). Similar proli- 
ferations, composed of parenchyma cells 
containing heavy deposits of starch, have 
also been reported in Arachis hypogaea 
(Allen & Allen, 1940). But the false 
nodules of Cicer arietinum were practically 
without any cellular contents and did not 
show the presence of microorganisms. 


Discussion 


Invasion by bacteria through epidermal 
cells (McCoy, 1929; Schaede, 1940) and 
ruptured cortical tissue during the emer- 
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gence of lateral roots (Allen & Allen 
1940; Arora, 1954) has been reported 
But root hair infection is more prevalen 
in the majority of plants investigatec 
(Thornton, 1930; Bond, 1948; Harris « 
al, 1949; Arora, 1956b). In Cicer arieti@ 
num root hairs are the normal avenue fe 
infection. The infection threads brane 
in the cortex but the distance penetrates 
by them does not seem to be related to the 
structure of the root. In Pisum sativu 
( Bond, 1948 ) the threads reach half we 
into the cortex. In the tap roots of soy 
bean ( Bieberdorf, 1938 ) containing thic 
cortical parenchyma, only about 3-5 ce 
layers are invaded, whereas in the latera: 
roots the threads extend to the innermost 
cortical layer. On the contrary in Cie} 
arietinum the threads reach the inner} 
cortex in the tap root, and only to the 
middle region in secondary roots. Peireeg 
( 1902 ) mentioned that in Medicago dent: 
culata the threads reach the layer just out-f 
side the endodermis; it is from this layer} 
that the lateral roots are also said to arise. 

Thornton (1930) holds the view that 
the funnel-shaped swellings of the thread 
near the host cell walls are due to the 
shrinkage of the zoogloeal mass in the 
cytoplasm. According to McCoy ( 1932) 
these swellings result from the physical 
effects of an expansion of the cell walls: 
during hypertrophy. In Cicer arietinu 
as in Sesbanta grandiflora ( Harris et al, 
1949 ) the swelling is caused by the accu- 
mulation of rhizobia due to delayed 
passage through the cell walls. The 
branches of the threads ramify freely into 
the nodular tissue and invade the new 
cells. This mode of dispersal is frequentt 
in nodules where the infected cells are) 
interspersed among uninfected ones as in 
Pisum sativum (Bond, 1948), Sesbania 
grandiflora (Harris, et al, 1949) and 
Cicer arietinum. However, _ bacterial 
spread during mitotic cell divisions has 


Fics. 24-29 — Ineffective and atypical nodules. 


vascular strands from the root stele. 
cells are infected. x 29. 
atypical nodule. x 62. 
cortical cells. x 53. 


< 41. 


Fig. 25. L.s. root through ineffective nodule; a few 
Fig. 26. Enlargement of cortical cells initiating the development of! 
Fig. 27. T.s. root with prominent vascular supply between the enlarged | 
Fig. 28. Atypical swelling with double vascular strand. x 38. Fig. 29 
2 


—— 


Fig. 24. Ineffective nodule with two 


Tetrarch vascular bundle in the nodule parallel to the central cylinder of the root. x 44. 
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been reported in Phaseolus vulgaris 
(McCoy, 1929), Arachis hypogaea ( Allen 
& Allen, 1940) and Aeschynomene indica 
( Arora, 1954). 

The nodules of Cicer arietinum develop 
exogenously and at maturity show the 
typical structure found in bacterial nodules. 
In certain plants an endodermis with 
casparian bands has been observed outside 
the nodule cortex (Thornton & Rudorf, 
1936; Frazer, 1942; Bond, 1948). In 
Cicer arietinum any such specific layer was 
not observed although thickenings on the 
walls appeared in old nodules. 

Studies reveal a great variation in the 
number and orientation of the vascular 
bundles supplying the nodule. The 
arrangement of phloem and xylem is am- 
phicribral in Phaseolus vulgaris ( McCoy, 
1929), Arachis hypogaea ( Allen & Allen, 
1940) and Sesbania grandiflora ( Harris 
et al, 1949). Aeschynomene indica has 
collateral bundles in addition to amphi- 
cribral ( Arora, 1954). The bundles are 
diarch in Caragana arborescens ( Allen et 
al, 1955). Like Pisum sativum ( Bond, 
1948) the basal amphicribral or bicol- 
lateral bundles in Cicer arietinum become 
inversely collateral higher up. 

The heart of the nodule composing the 
bacteroid area shows different responses 
in individual cases. This area may con- 
sist of a dense mass of cells full of bacteria 
as in Aeschynomene indica ( Arora, 1954), 
or have infected cells all with a large 
central vacuole as seen in Arachis hypogaea 
(Allen & Allen, 1940) and Crotalaria 
guncea (Arora, 1956a). On the other 
hand in Sesbania grandiflora ( Harris et 
al, 1949 ), Cajanus indicus ( Arora, 1956b ) 
and Cicer arietinum varying number of 
uninfected cells are interspersed among 
the infected ones. The latter become 
greatly enlarged and elongated. 

The longevity of the nodule is influenced 
by its structure and by the growth habits 
of the plants. In Cicer arietinum growth 
continues even after the senescence has 
set in. But the nodule does not live long 
due to the absence of secondary thicken- 
ings. In Ornithopus perpusillus ( Hoc- 
quette, 1930) it is stated that before 
disintegration the enlarged nuclei regain 
their original size by contraction, then 
cast off their chromatin bodies and dis- 
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organize. In Cicer arietinum the large! 
nuclei with prominent chromatin bodies; 
disintegrate as such along with cell con- 
tents without any previous contraction. 
But the walls of such empty cells do not 
collapse until a late stage. 

According to Kostoff & Kendall ( 1933 } 
the occurrence of a few polyploid cells in 
the nodule tissue is a result of tumor! 
formation. If it is the bacteria which 
cause a doubling of the chromosome! 
number on entering the cells, all the cells. 
of the meristem should be diploid anc 
only the invaded ones should show & 
tetraploid condition. But in Cicer arie- 
tinum, where the apical uninfected meri 


stematic zone of a mature nodule has both } 


tetraploid and diploid cells, it cannot be 
argued that only some cells are influencec 
by bacteria and the rest remain diploid. 
Therefore, it seems probable that it is only 
the already polyploid cells of the root 
cortex which get infected afterwards as 
stated by Wipf & Cooper ( 1938, 1940 ). 

The effective and ineffective nodules 
can be roughly distinguished by the fact 
that the former are larger and pink in 
colour whereas the ineffective type show 
poor development and are greenish to 
brown in colour. This absence of leghae- 
moglobin and the failure to fix nitrogen 
are directly connected with the early 
breakdown of bacterial tissue (Smith, 
1949). Chen & Thornton ( 1940 ) observ- 
ed two kinds of ineffective nodules in 
clover; some showed stunted growth due 
to abortive meristem while others became 
elongated. In the latter the bacteroid 
area disintegrated rapidly. In Cicer arie- 
tinum the ineffective ones are marked by 
a poor differentiation of the tissues. Only 
a few cells are infected, and there is no 
meristem or nodule cortex. 

Atypical swellings were found in the 
axils of lateral roots of certain legumes 
like peanut, soyabean and Sesbania grandi- 
flora ( Allen & Allen, 1954). These en- 
circled the rootlets, formed a collar at the 
base, and were composed of proliferated 
cortical parenchyma. The latter were 
filled with starch granules and showed no 
infection. In peanut such tubercles oc- 
curred on plants which remained unhealthy 
due to nitrogen deficiency ( Allen & Allen, 
1940). In Cicer arietinum too, such 


[nodules were observed on plants with 
[poor growth. Here, although the proli- 
}feration was cortical, the pericyclic vas- 
| cular supply was prominent in the centre. 
| There were no starch grains or microorga- 
‘nisms and the nodules seemed different 
{from those previously described on other 
| legumes. However, they were slightly 
| comparable to those on Tribulus cistoides, 
a member of the Zygophyllaceae ( Allen 
& Allen, 1950), where a broad basal 
\strand was present though the swelling 
‘itself was pericyclic. Morphologically they 
‘appeared as modified lateral roots. No 
function or importance is ascribed to them 
"at this time. 

Structurally and anatomically the bacte- 
‘rial nodules appeared different from the 
lateral roots. In Arachis hypogaea (Allen 
| & Allen, 1940 ) they presented an analogy 
by arising in the pericycle, having a single 
vascular strand and by digesting their 
; way through the root cortex. However, 
in Cicer arietinum nodules the number of 
-vascular strands connecting the nodule 
to the root stele varied greatly. Three 
to five strands were connected to one or 
| both protoxylem points of the root stele. 
' Further its phloem and xylem were orient- 
ed amphicribrally, bicollaterally or showed 
inversely collateral arrangement. The no- 
_dules did not emerge from the root cortex. 


Summary 


Roots of Cicer arietinum L. showed 
effective bacterial nodules developing in 
abundance, while ineffective ones were 
found with false or atypical swellings. 

Young root nodules were spherical to 
cylindrical in shape and later their tips 
branched to give a fan-like appearance. 

Infection was through the root hairs. 
Generally one and occasionally two or 
more infected root hairs contributed to 
the formation of a nodule. The infection 
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thread invaded the cells intracellularly 
and formed funnel-shaped swellings on 
crossing the cell walls. It was surrounded 
by a definite sheath. 

The nodules arose in the cortex and were, 
therefore, exogenous in origin. Newly 
formed cells enlarged considerably and 
were invaded by infection threads. A 
mature nodulehada protective root cortex, 
nodule cortex with vascular strands, an 
apical meristem and a bacteroid area. 

Three to five vascular strands arising 
at different levels from the root stele 
supplied the nodule and bifurcated to form 
as many astwenty branches. The bundles 
were amphicribral, bicollateral or inversely 
collateral. 

About 40 per cent of the cells in the 
bacteroid area remained uninfected. Those 
infected were considerably elongated, had 
a central vacuole and a deformed nucleus 
at one side. 

Senescence was marked by the appear- 
ance of small vacuoles and disintegration 
of the nuclei. The cell walls remained 
healthy long after the digestion of the 
contents. 

Tetraploid as well as diploid cells were 
observed in the nodule meristem. 

The ineffective nodules were also cor- 
tical in origin. Their cells remained small 
and the nodule cortex was not clearly 
distinguishable. These nodules showed 
poor infection, degenerated early and the 
meristematic zone was absent. 

The atypical nodules lacked infection 
and consisted of enlarged cortical cells. 
Starch was absent. Swelling may be at 
the base of a lateral root. 

I wish to express my gratitude and in- 
debtedness to Professor P. Maheshwari 
for his invaluable guidance and criticism. 
My sincere thanks are also due to Professor 
O. N. Allen of the Department of Bacterio- 
logy, University of Wisconsin, for his kind 
help in the preparation of this manuscript. 
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Engler (1877, 1889, 1920) suggested 


that the aroids are the ancestors of the 
_ Lemnaceae and this view seemed to be 
generally accepted, but recently Lawalrée 


(1945) asserted that the Araceae have 


| little in common with the Lemnaceae and 
1 that the relationships of the latter have to 


y 


| 
\ 


| 
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| be sought in the Helobiales. 


Concerning Araceae, Engler ( 1920 ) con- 


'sidered it to have been derived from the 


Palmaceae via the Cyclanthaceae, while 
Hutchinson (1934) derives it from the 
subfamily Aspidistreae of the Liliaceae. 
According to the latter, the resemblances 
between the Araceae and Palmaceae are 


‚ only apparent and not real. 


Schnarf (1931), who reviewed the 


earlier work on the embryology of the 


Araceae, remarked: “ Es liegen Angaben 


aus allen acht Unterfamilien welche von 


Engler unterscheiden werden, und inner- 


"halb dieser aus den meisten Abteilungen 


vor. Dennoch haben wir noch keinen 
Überblick über die auffalend variablen 
embryologischen Verhältnisse in dieser 


Familie.”” 


Since 1931 several other contributions 


. have appeared: Shadowsky (1931) on 


Pistia stratioites, Buell ( 1938) on Acorus 
calamus, Goldberg (1941) on Peltandra 
virginica, and Banerji ( 1947) on Typho- 
nium trilobatum. In all four cases the 
embryo sac is of the Polygonum type. In 
Acorus, Peltandra and Typhonium the 
endosperm is Cellular and a characteristic 
“ basal apparatus ’ is present. Judging 
from the account of Shadowsky the endo- 
sperm of Pistia also seems to be Cellular. 

On Arisaema, no work has been done in 
recent years. From the accounts of 
Mottier ( 1892 ) and Gow ( 1908a, b; 1913 ) 
on A. triphyllum the development of the 


embryo sac seems to conform to the Allium 
type. Pickett (1913, 1915), however, 
reports monosporic development. The 
endosperm has been described to be 
Nuclear by both Gow (1908b) and 
Pickett: (1915. 

The present work was taken up to settle 
some of the above problems and to assess 
the value of embryological data with 
respect to the affinities of the Araceae. 


Material and Methods 


Material of Arisaema wallichianum 
Hook. f. was fixed in formalin-acetic- 
alcohol from the Catchment area, Dhali 
(Simla Hills) during a botanical ex- 
cursion in June 1955, and again in August 
1955. It was dehydrated and imbedded 
in the usual way. Sections were cut 6 to 
15 microns thick and stained in Heiden- 
hain’s haematoxylin, as well as in safra- 
nin-fast green. The latter combination 
gave better results. 

The development of the endosperm was 
studied mainly from dissections which 
were stained in acetocarmine and mounted 
in a mixture of this stain and 50 per cent 
glycerine. Cotton blue and Zirkle’s me- 
dium also gave satisfactory results. 


Observations 


The plant is monoecious. Both male 
and female flowers are devoid of any 
perianth or scales and are arranged 
acropetally on spikes enclosed within 
dark-purple spathes. 

MALE FLOWER — Typically, each male 
flower bears three anthers (Figs. 1, 2), 
although frequently there may be four or 
five (Figs. 4, 5). They are monothecous 


379 


sil) va 
Ss Om M 
DO pes 2 


| 


it 


Fics. 1-19 — Figs. 1, 2. Male flower; lateral and dorsal views respectively. X 7. Fig. 3. 
Three-dimensional, sectional view of male flower ( diagrammatic ). Figs. 4, 5. Top views of 
male flowers bearing four and five anthers respectively. x 7. Figs. 6-8. T.s. male flower cut 
from top downwards at levels shown in Fig. 9. x 13. Figs. 9, 10. Diagrams showing plane of 
sectioning of anthers drawn in Figs. 6-8 and Fig. 11 respectively. Fig. 11. L.s. male flower cut 
in plane indicated in Fig. 10. x 18. Fig. 12. T.s. anther showing enlarged view of two locules. 
x 120. Figs. 13-15. Decussate, isobilateral and tetrahedral tetrads. X 540. Fig. 16. Micro- 


spore. Fig. 17. Two-celled pollen grain. x 540. Figs. 18, 19. Palynogram and Lo-diagram of 
pollen grain. x 1350. 


and borne on short stalks which fuse at Owing to their curved nature, cross-sec- 
the base forming a cylindrical column tions at a lower level show four chambers 
(see Fig. 3). simulating a dithecous appearance, the 

MICROSPORANGIUM — The anthers ex- two halves being joined by a stretch of 
hibit a rather uncommon disposition. tissue which may easily be mistaken for 


the “connective ”’. 
levels, the anthers show a two-celled 
\condition. 


‚running parallel to each other. 
lillustrates another section cut at the level 
|where the anthers curve downwards. 
Ithe upper focus, this preparation shows 
}two locules — an appearance similar to 


However, at other 


À series of transverse sections cut from 


top downwards in the planes, shown in 
Fig. 9, is represented in Figs. 6-8. 
| Fig. 6 the section is too superficial to reveal 
jall the locules of the different anthers. 
| The two anthers, which have been cut a 


In 


little deeper, do show two wide locules 
Fig. 7 


In 


the preceding case. However, in the lower 


focus each locule becomes restricted to 


two circular areas, one at each end. In 
Fig. 8, last of the series, the anthers 


‘present the misleading four-chambered 
appearance. 


In a vertical section (Fig. 11), in the 


| plane indicated in Fig. 10, one of the 
| locules has been cut transversely, while 
the other shows a longitudinal view. 


The separating wall between the locules 
consists of five to six layers of parenchy- 
matous cells which break down at matu- 
rity. The subepidermal cells at the 


junction of the locules do not possess any 


13.15). 


cells are successive. 


fibrous thickenings (Fig. 12). Later 
these cells also break down and the two 
halves of the anther recurve liberating the 
pollen grains. The dehiscence is, there- 


‘fore, longitudinal. 


The tapetum is amoeboid as also re- 
ported by previous workers, and the re- 
duction divisions in the microspore mother 
The tetrads may be 
isobilateral, decussate or tetrahedral ( Figs. 
The pollen grains are spheroidal 
and echinulate ( Figs. 16-19 ), and no germ 
pore could be distinguished. They are 
shed at the two-celled stage ( Fig. 17 ). 

Ovary — The ovary is unilocular and 
has a short style and hairy stigma. The 
stylar canal is also lined with unicellular 
hairs. There are three orthotropous 
ovules placed somewhat asymmetrically 
and the ovarian cavity is completely filled 
with mucilage which takes up an orange 
colour with safranin. 

OvuLE — The ovule is bitegmic and 
crassinucellate. The inner integument 
forms the micropyle. 


MAHESHWARI & KHANNA — EMBRYOLOGY OF ARISAEMA WALLICHIANUM 381 


The laterally situated cells of the 
nucellus degenerate quite early so that the 
mature embryo sac comes in direct contact 
with the inner integument. A few nucellar 
cells persist at the apex and base of the 
gametophyte. 

The nucellar epidermis undergoes peri- 
clinal divisions giving rise to a three to 
four-layered cap which invests the tip of 
the embryo sac like a conical hood 
( Figs. 27-35 ). 

The nucellar cells at the chalazal end 
also divide resulting in the formation of a 
short column (Fig. 28). Its central cells 
frequently degenerate leaving a hollow 
space. After fertilization the nucellar 
column is absorbed as a result of the haus- 
torial activity of the “‘ basal apparatus ”’. 

As in the other Araceae, the cells of the 
inner integument, which line the embryo 
sac, elongate radially in a plane perpendi- 
cular to the long axis of the embryo sac, 
become densely cytoplasmic and dif- 
ferentiate into an endothelium ( Fig. 28). 

MEGASPOROGENESIS — The archesporial 
cell is hypodermal and directly functions 
as the megaspore mother cell ( Fig. 20). 
Occasionally, a multicelled archesporium 
may differentiate and three or four sporo- 
genous cells are often found in close 
proximity to the tetrad or functioning 
megaspore ( Figs. 22, 24, 25 ). 

Normally, only a single sporogenous 
cell functions (see Figs. 22-24) and the 
megaspore mother cell undergoes the usual 
meiotic divisions ( Figs. 20-22) resulting 
in the formation of a linear ( Figs. 23, 24) 
or T-shaped tetrad (Fig. 22). Rarely 
the upper dyad may fail to divide so that 
only a row of three cells is produced. 

The chalazal megaspore generally func- 
tions, while the others quickly degenerate. 
Occasionally, one of the centrally located 
megaspores may also retain a healthy ap- 
pearance (see Fig. 25). 

FEMALE GAMETOPHYTE — The function- 
ing megaspore undergoes three successive 
divisions giving rise to an eight-nucleate 
gametophyte ( Figs. 24-28; in Fig. 28 the 
polar nuclei have already fused). The 
basal part of the embryo sac is triangular 
and often penetrates into the nucellar 
column (Fig. 28). 

The synergids are pear-shaped and lack 
the usual basal vacuoles. The fusion 


à nucleus is invariably situated close to the 
| antipodals (Fig. 28). The synergids and 
| antipodal cells show signs of degeneration 
even before fertilization but may some- 
| times persist a little longer. The ephemeral 
/ nature of the antipodals is significant since 
it contradicts Campbell’s report (1899, 
| 1900) that in many members of the 
| Araceae the “‘ basal apparatus ”’ is formed 
tas a result of the activity of the anti- 
| podals. 

ENDOSPERM — As a rule, the primary 
| endosperm nucleus divides earlier than the 
| zygote. However, one case was observed 
} where a two-celled proembryo was asso- 
| ciated with an undivided but hyper- 
| trophied primary endosperm nucleus 
Brig. 33). 

_ The first division is followed by a trans- 
| verse wall which segments the embryo sac 
| into a larger micropylar and a smaller 
_ chalazal chamber ( Figs. 29-31). 

The chalazal chamber does not divide 
any further but enlarges considerably. 
Its nucleus becomes greatly enlarged and 
in later stages shows numerous nucleoli 
( Figs. 29-35). The shape also varies a 
great deal from ovoid to oblong and often 
it is quite irregular. In dissections and 
squash preparations, it can be seen even 
with the unaided eye!. In Fig. 35 the 


1. Recently, Geitler (1955) has investigated 
the cytology of the ‘‘ Riesenkerne ’’ of the endo- 
. sperm of Allium ursinum. He reports that some 
of the endosperm nuclei in the chalazal region 
enter into a permanent prophase and become 
polyploid during their growth. Most often, they 
are hexaploid or 12-ploid, but sometimes they 
may become 24-ploid. There is no interphase 
‘and the chromosome strands may be duplicate, 
quadruplicate or octuplicate. The nuclei be- 
come enormous, as much as 100 times the 
volume of the integumentary or nucellar nuclei. 
However, Geitler does not consider this pheno- 
menon to be exactly analogous to endomitosis: 
“ Die Polyploidisierung der Riesenkerne ent- 
spricht nicht dem fiir angiospermen typischen 
endomitotischen Formwechsel. Sie ist wohl als 
besonders extreme Hemmung und Umbildung 
von Mitosen aufzufassen, die eine Eigentümlich- 
keit des Endosperms darstellt.”’ 
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smaller nucleus must have originated from 
the bigger one, probably due to an ir- 
regular mitosis. The large chalazal 
chamber has been widely referred to as the 
“basal apparatus’’ and is a common 
feature of the Araceae. 

The micropylar chamber alone produces 
the endosperm proper. The division of its 
nucleus is followed by a transverse wall 
cutting off a narrow central cell adjacent 
to the “basal apparatus’”’. The central 
cell undergoes two vertical divisions at 
right angles to each other, resulting in a 
central tier of four cells ( Figs. 29-32). 
The uppermost cell of the micropylar 
chamber may either divide transversely 
as in Fig. 29 or vertically as in Figs. 31 
and 32. 

The general course of the early divisions 
has been schematized in Fig. 32. Sub- 
sequent divisions are irregular as borne 
out from Fig. 35. 

It may be noted that contrary to the 
previous reports of Gow (1908b) and 
Pickett ( 1915 ), no free nuclei are formed 
at any time. The only exception is 
the occasional formation of secondary 
nuclei in the basal chamber. It is, there- 
fore, concluded that the endosperm is 
Cellular. 


Discussion 


Since the main interest in this family 
centers round the development of the 
female gametophyte and endosperm, and 
its systematic position, only these aspects 
will be discussed here. 

MEGASPOROGENESIS — At one time or 
the other, all the three types of embryo 
sacs — monosporic, bisporic and tetra- 
sporic —have been described in the 
Araceae. 


It is probable that the nucleus of the basal 
apparatus of Arisaema has a similar behaviour. 
During duplication some of the chromosomes 
may perhaps separate and organize themselves 
into additional nuclei ( see Fig. 35 ). 


a 


Fics. 20-28 — Fig. 20. L.s. nucellus showing megaspore mother cell. Fig. 21. Same, 


Meiosis I. 
rating megaspores. 
genous cells. 


Fig. 22. A T-shaped tetrad and a sporogenous cell. 
Figs. 24, 25. Division of the megaspore nucleus; note also accessory sporo- 


Figs. 26, 27. Two and four-nucleate embryo sacs. 


Fig. 23. Functional and degene- 


Fig. 28. Portion of ovule (1.s.) 


showing organized embryo sac; note the nucellar cap. X 480. 
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The reports of tetrasporic development 
in Acorus calamus ( Mücke, 1908 ), Aglao- 
nema simplex and A. modestum ( Campbell, 
1912), Anthurium violaceum var. leuco- 
carpum (Campbell, 1905), Homalonema 
argentea ( Gow, 1913), Richardia africana 
(Gow, 1913) have either been corrected 
already or are extremely doubtful ( see 
P. Maheshwari, 1946 ). 

Regarding bisporic development too, 
the situation is equally uncertain. It is 
said to occur in Antherurus attenuatus, 
Arisaema triphyllum, Arum triphyllum, 
Homalonema argentea, H. rubra and Neph- 
thytis gravenreuthii (for a detailed dis- 
cussion see S. C. Maheshwari, 1955 ). 

Most of the plants studied so far conform 
to the Polygonum type of development. 
The present investigation adds one more 
member to this list. It also confirms 
Pickett’s previous report ( 1915 ) of mono- 
sporic development in Arisaema. Earlier, 
Gow (1908, 1913) had described a bi- 
sporic embryo sac in this genus. 


| 
{ December 


ENDOSPERM—Schnarf (1931) remarks: 
“Die vorliegenden Angaben über die 
Endospermentwicklung lassen darauf 
schliessen, dass alle möglichen Typen 
derselben in der Familie vorkommen. 
Indessen sind sicher einige dieser Angaben 
unrichtig. Jedenfalls kann das eine als 
sicher gelten, dass bei einer Anzahl Arten 
beim Beginne der Endospermbildung eine . 
Zellgruppe abgesondert wird, die durch ihr 
Aussehen an den, ‘ Basalapparat ’ vieler 
helobialer oder zellularer Endosperme 
erinnert.” About the behaviour of the 
cell lying over the basal apparatus, which 
really determines whether the endosperm 
is Cellular or Helobial, there is no 
constancy. In some plants it is said to 
show free nuclear divisions ( Helobial 
type) while in others even the first 
division is followed by wall formation 
(Cellular type). Nuclear endosperm has — 
also been reported in some cases. The 
following table summarizes the existing 
data: 4 


TABLE I 
NAME OF PLANT AUTHOR TYPE OF ENDOSPERM 
1. Acorus calamus Buell, 1938 Cellular 
2. Aglaonema commutatum Campbell, 1903 Cellular 
3. A. nitidum Gow, 1913 Cellular 
4. A. versicolor Gow, 1913 Cellular 
5. Anthurium longifolium Hofmeister, 1859 Helobial 
6. A. violaceum var. leucocarpum Campbell, 1905 Cellular ? 
7. Arisarum vulgare Jacobsson-Palay, 1920 Helobial 
8. Arisaema triphyllum Gow, 1908b Nuclear 
9. A. triphyllum Pickett, 1915 Nuclear ( Schnarf 
interprets it as Helo- 
bial ) 
10. A. wallichianum Present study Cellular | 
11. Arum maculatum Jiissen, 1928 Helobial ? 
12. Calla palustris Jiissen, 1928 Cellular | 
13. Dieffenbachia daraquiniana Gow, 1908b Nuclear 
14. Lysichitum camtschatcense Campbell, 1899, 1909 Nuclear 
15. Nephthytis liberica Campbell, 1903 Nuclear 
16. N. gravenreuthii Gow, 1908b Nuclear 
17. Peltandra virginica Goldberg, 1941 Cellular 
18. Pistia stratioites Hofmeister, 1861; Shadowsky, 1931 Cellular 
19. Pothos longifolia Hofmeister, 1861 Helobial ? 
20. Spathicarpa sagittifolia Jüssen, 1928 Helobial 
21. Spathiphyllum patinii Jiissen, 1928 Helobial 
22. Typhonium trilobatum Banerji, 1947 Cellular 
23. Zantedeschia aethiopica Jiissen, 1928 Helobial 


—_—_. nn nn. 


Reports of Nuclear endosperm, although 
Mfrequent, are doubtful and require re- 
jinvestigation. For example, Gow ( 1908b) 
mentions that in Nephthytis “ the endo- 
‚sperm begins with free nuclear divisions ”’ 
and “wall formation begins at the middle 
of the sac and proceeds towards the ends ”’. 
| He further states: “ Whether it originates 
from a single endosperm nucleus or by 
‘direct division of 6 of the 8 nuclei pre- 
_viously figured, could not be satisfactorily 
j determined ”. Obviously, Gow  enter- 
i tained the absurd idea that the embryo 
| sac nuclei could directly take part in the 
| formation of endosperm. 

_ A similar confusion concerns the occur- 
rence of a free nuclear endosperm in 
ı Nephthytis liberica ( Campbell, 1905 ). Jüs- 
‚sen (1928) comments as follows: “ Sind 
| aber ausser dem Eiapparat vor der Be- 
_ fruchtung mehrere freie Kerne vorhanden, 
) so soll die Endospermbildung mit der 
‘ Ausbildung von Membranen zwischen 
diesen freien Kernen ihren Anfang neh- 
men, wodurch dann das Innere des 
Embryosackes zunächst in mehrere grosse 
Zellen geteilt wird.” It is not clear how 
the free nuclei (said to be the progenitors 
of endosperm nuclei) arise in the un- 
fertilized embryo sac. 

In Arisaema both Gow (1908b) and 
Pickett (1915) reported Nuclear endo- 
sperm. Although Pickett states that he 
never saw any clear wall, his Fig. 6 does 
: show an indistinct wall in the middle of the 
embryo sac. Schnarf (1929) has inter- 
preted his figures as indicating Helobial 
type of endosperm. 

To date, therefore, there is no authentic 
record of Nuclear endosperm in the 
Araceae. Regarding Helobial and Cellular 
types, all recent investigations -mention 
only the latter?: e.g. Acorus calamus 
( Buell, 1938 ), Peltandra virginica ( Gold- 
berg, 1941) and Typhonium trilobatum 
( Banerji, 1947 ). To this may also be add- 
ed Arisaema wallichianum (present work). 

Attention may also be called to an old 
work by Hofmeister (1861). His figures 
of Pistia, Arum and Calla indicate that in 

2. Jüssen (1928) writes: “ mir die Angaben 
von zellulärer Endospermbildung. sehr der 
Nachprüfung bedürftig erscheinen...” It is 
surprising why he made this statement when he 
himself records Cellular endosperm in Calla 
palustris. 
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these plants also, the endosperm is Cellular. 
His plate VII, Fig. 22, represents a longi- 
tudinal section of the ovule of Pistia 
stratioites showing a linear row of endo- 
sperm cells. Arum maculatum ( Plate VII; 
Figs. 15, 17) and Calla palustris ( Plate 
VIII, Fig. 15) are similar and closely 
resemble our Fig. 13 of Avisaema wallichia- 
num where the micropylar, central and 
chalazal regions of the endosperm are 
clearly distinguishable. On the basis of 
Hofmeister’s illustrations, Schnarf ( 1929 ) 
also considers Pistia and Arum to have 
Cellular endosperm. 

The uncertainty regarding Cellular endo- 
sperm seems to be due to the fact that the 
first few walls are extremely delicate and 
thin and may be easily overlooked. Were 
it not for the shrunken protoplasm 
( thus enhancing the individuality of cells ) 
the walls might have been missed even in 
the present study. We feel that on re- 
investigation many reports of Helobial 
type may turn out to be of Cellular type. 

SYSTEMATIC POSITION — There are two 
important problems: (i) the origin of the 
Araceae from the Palmaceae, and (ii) the 
question of the relationship between the 
Araceae and Lemnaceae. We shall touch 
upon only the second. 

The following resemblances between 
the Araceae and the Lemnaceae are worthy 
of consideration: 

(1) Successive divisions of the micro- 

spore mother cells. 

) Presence of a true periplasmodium. 
(3) Three-celled pollen grains ( although 
in several aroids, mature pollen 
grains are two-celled ). 

4) Periclinal divisions in the nucellar 
epidermis. 

5) Formation of a “ nucellar cap ”. 

6) Cellular endosperm. 

7) Occurrence of endosperm caecum 
at the chalazal end. 

(8) Development of an operculum. 

The only major feature where the two 
families differ concerns the development 
of the embryo sac?. Here too, it will be 


3. In the Lemnaceae the embryo sac is usually 
bisporic (Gupta, 1935; Lawalrée, 1952; S. C. 
Maheshwari, 1954) while in the Araceae the 
development is generally monosporic. How- 
ever, even in the Lemnaceae, Spirodela has a 
monosporic eight-nucleate embryo sac (S. C. 
Maheshwari, unpublished ). 


Fics. 29-35. 
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i recalled that in certain cases ( Homalo- 
) nema alba and H. rubra, Jiissen, 1928) 
| bisporic embryo sacs have been reported. 
An alliance between the Araceae and 
| Lemnaceae was first suggested by Engler 
_ (1877) and this view has been generally 
accepted. However, Lawalrée (1945, 
1952) thinks that the resemblances be- 
tween the Araceae and the Lemnaceae are 
entirely superficial, and that the latter 
really belong to the Helobiales. 

Arber (1919), Hegelmaier (1896), 
| Hutchinson ( 1934), Pulle ( 1938 ), Rendle 
| (1904 ), Wettstein ( 1935 ) and others have 
concurred with Engler. 
| conducted in this laboratory (see S. C. 
| Maheshwari, 1954, 1956) indicates that 
the Lemnaceae are closely allied to the 
Araceae. The present work offers fresh 
support for Engler’s view. 


Recent work 


Summary 


The male flowers consist of three to six 
monothecous anthers. The tapetum is of 
the amoeboid type and pollen grains are 
shed at the two-celled stage. 

The ovary is unilocular with three ortho- 
tropous ovules which are bitegmic and 
crassinucellate. 

The nucellus degenerates very early 
except for a group of cells at the micro- 
pylar end and another at the chalazal end 


of the embryo sac. The embryo sac thus 
comes in direct contact with the inner 
integument whose inner epidermis dif- 
ferentiates into an endothelium. 

Periclinal divisions occur in the nucellar 
epidermis contributing to the formation 
of the “nucellar cap’’ — a feature com- 
mon to many members of the Araceae and 
the Lemnaceae. 

Several sporogenous cells may occur in 
the nucellus, but only one undergoes 
further development. Generally a linear 
tetrad is produced and the chalazal 
megaspore functions. The development 
of the embryo sac conforms to the Poly- 
gonum type. The synergids and the anti- 
podal cells are ephemeral. 

The endosperm is of the Cellular type. 
The first division of the primary endo- 
sperm nucleus results in the formation of a 
micropylar and a chalazal chamber. The 
nucleus of the latter does not divide any 
further, but becomes extremely large and 
hypertrophied. The cell also enlarges 
considerably, forming the characteristic 
“basal apparatus ”’. The endosperm pro- 
per develops from the micropylar chamber. 

Embryologically, the families Araceae 
and Lemnaceae are closely allied to each 
other. 

Our sincerest thanks are due to Dr 
B. M. Johri for many helpful suggestions 
and for kindly revising the manuscript. 
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